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nudloldeTat^et HZ ,11^° ■ ' T*"" deteCt ' n9 the PreSence ° r absence of at least «- -riant 
nuc.eot.de ,n a target base sequence ,n a nucle,c acid sample by amplification or the absence thereof and kits 

diHoL h 7rel^«r ti0n ^ ° f partiCular . interest in ^agnostic screening of DNA samples for inherited con- 
dibons pred. S pos,t.ons or somatic mutat.ons and provides inter alia a general method for the facile detection 
of point mutat.ons. , tis also useful in the detection and typ^in^us P^^TJ^SSSSSi 

DN^1!^^S^£X!S^ ^ )T n 5 *** WhiCh reSU " fr ° m partiCu,ar Nation* * the 
SeCr^teTb^^l TT SeaS6S iS a ' ready kn ° Wn and research is rapidly revealing 

Z ? , [ 9 etK d ' SeaSeS f0f which the nature ° f the mutation ^ at present unknown 
Where the prec.se molecular basis for the inherited condition is not known, diagnosis of the disorder or Son 
of earners may be provided in infonnative pedigrees by RFLP techno.ogy using DNA probesTgene« c ^aoe 

SL/ d / se T ,ocus ; Thus - at present Duchenne Muscu,ar D ^ h y- tLJ!^SSSSi 

Chorea jnM aha may for example be diagnosed using RFLP techno.ogy. Such testing however needs to be 
performed separately in respect of each condition and a substantia, amount of work is required each 2>se 

ZZZSSSr*?? PUrifiCati ° n - reStriCti ° n en2yme di9eSti0n ' a9ar0Se «- -ec^hoj^s^s; 

Sow^ 

ZlTrZZ 1, aS ,!° Ciated ?"* s,n 9 ,e P°' nt mutations in genes, but each of these conditions must be analysed 
separately and further particular difficulties arise where the point mutations are heterogeneous Thus for 

m^ tnT , 4 ° d ? rem P ° int mUta,i ° nS C3n C3USe "a.assaemia and at ieast 5. a^d P " a wJ mVny 

5 CaUSe haem °P hi,ia A - respect of these heterogeneous conditions eac£ 
potential mutabon po.nt may need at present to be ana.ysed separately. This can involve complex RFLP hap- 
lotype analysis with multiple restriction enzymes. P 
A number of point mutations in somatic cells have been implicated in the development of various cancers 
for example point mutations within the ras oncogene (J.L. Boos et al. Nature 327 293 (1 987) 
hv Jf.l U L EUr ° Pean Pa u 6nt App,ication ' Publication No. 0332435. the contentsoT^hich are incorporated herein 
Z7e^To\ue^T d s aim the f A T lificati0 " Mutation System (ARMS). ARMS is a method 

n a «n,n » h I Z ! SenCe ° f 3t l6aSt ° ne Variant ™<*°M« in one or more nucleic acids contained 
IhosTh^f » m >°< C0 T PriSeS treaUn9 S3mP,e - t09ether ° r se ^«"tia"y with appropriate nucleoside 
Sc oo^n .r r 96n I 0 ' P0,ymerisation of the triphosphates and a diagnostic primer for a diag- 

J P °*° n ° h f 3 b " e sec > uence under hybridising conditions, the nucleotide sequence of the said diag- 
ZSLSFZl *7 -bstantiaHy complementary to the said diagnostic portion, a terminal 

r™ d l d,a 9 nos, ' c P"mer being either complementary to the suspected variant nucleotide or to the 
correspondrng norma nucleotide, whereby an extension product of the diagnostic primer is synthesised when 
SmSLin dia9n0S " C iS c ° mple ™ n tary *» the corresponding nucleotide in the 

target base sequence, no extension product being synthesised when the said terminal nucleotide of the diag- 
nostic pnmer is not complementary to the corresponding nucleotide in the target base sequence; and detecting 
Troducr"" ° r 3 ° f SUSp6Cted variant nude °tide from the presence or absence of an extension 

ARMS is preferably effected with a corresponding amplification primer, any extension product of the diag- 
noshc pnmer formed being capable of serving as a template for synthesis of an extension product of the ampli- 
SSi mTT h k Separat if n from its implement. Amplification using both diagnostic and amplification 
pnmers may then be effected to provide, where an extension product has been synthesised. an appropriate 
number of copies for detection. 

n^Jfw and ; m P ortantuSe °* ARMS, as described in our European Patent Application. Publication No. 
cZntf th J S ert ' n ? * e presence or abse "ce of more than one suspected variant nucleotide in the same 
sample. The ab.lity of ARMS to selectively amplify sequences depending on the predetermined nucleotide 
sequence of the d.agnostic primers enables multiple amplification products to be distinguished simply, accu- 
rately and w.th m.n.mal operator skill thus making it possible to provide a robust technique for screening a single 
samplafor mulfple nucleotide variations. The use of ARMS to detect more than one suspected variant nuc- 
leotide ,n the same sample is conveniently referred to as multiplex ARMS. Multiplex ARMS is thus of particular 
interest ,n screening a single sample of DNA or RNA for a battery of inherited conditions such as genetic dis- 
order^ pred.spos.tions and somatic mutations leading to various diseases. Such DNA or RNA may for example 
be extracted from blood or tissue material such as chorionic villi or amniotic cells by a variety of techniques 
such as those described by Maniatis et al, Molecular Cloning (1982). 280-281. Morever as the molecular basis 
forfurther.nher.ted conditions becomes known these further conditions may simply be included in the screening 
technique of the present invention. 

Multiple amplification products may be distinguished by a variety of techniques. Thus for example probes 
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ziv^^/^x ; sS d product - each probe ^ a - 

saectilT^ bet — ARMS amotion products copses 

5 formed during the process of the wS ^^STT 1? ' en9th * eaCh amp,i,ied product 

in an ampliation product is dicta ed by ZSnL f TV* ^? r69ard nUmber0f baSe paire P resen » 
the amplification pJmers \Z%^£££E t Z*2 °' h * dlaQnostic and amplification primers. Thus 
potential amplification product o, ^diS le n gth P " al nUde ° tide iS asS0ciated *» * 

The present invention is based on the discovery that mulitnlex armq mow k a 

=s o, ~ e ^e^ 

3 — - — 9 the pre- 

for each diagnostic portio'n" C.E Z * *' and a diagnostic primer 

of each diagnostic primer be ^^na such thaMt u t h f hybndlsinQ ^^ions. the nucleotide sequence 

a termina. nucleotide Tf each dlonosBc iti h S " COmplementai V to the -levant diagnostic portion, 
or to the correspond^ norrna'nucleoSe ? COmp,ementa, V to a suspected variant nucleotide 

when the terminal nudeoS of tSs 2L„n« * " Pr ° dUCt °' 3 dia 9 nostic P ri ™ synthesised 

target base «qlI^ttS,r ^ complementary to the corresponding nucleotide in the 
primer is not compi ementeo I ** termina ' nUC ' e ° tide ° f a *fl"«* 
presence or absence of SlJp^CZ^nZ^r? ? 'I ^ **** SeqUenCe; and detecti "9 the 
and wherein the extensio f orodurts of w f * ^ the PreSe " Ce orabs ^ of extension products 
base sequence co^ .C^nSo^p^ m ° re ^ ^ dia9 "° StiC P ° rti ° n " *»« 

se^TZ^X^ F T;:^ arran96ment ° f "» dia — « - *** base 

primer")'^ 

for exampie as tu^^^T^^ ' eompri " 3 -"P'-entary overlap, 

the 7 genera, be determined by the nature and posiOon of 

and preferred primers and 1^^^T? CU 1 T Z H *° 9,St ° f ° rdinary ski " mav de termine convenient 
encetotheexLp,esprore?int^^ 

Nos.4683195 and £ ^ by the u e of n hT' 6 'J 3 " 1 r * aCti ° n (PCR) 35 d ^cribed in U.S.Patent 
WO87/06270andin BSech„o.o^ij h PCT Pa *<" Plication 

fication of Siska Corporation as des^= ibed in Prr p / f a \, ,rBn8Cri P tton bas «* nucleic acid ampli- 

arithmetica. amo.ifica^n th! ™.T" Z^l PUb ,Cation WO88/10315. or by the use of linear or 

ass? 

prodlcfoTaX^ 

the amplificatio primer XaeD^n^mt ■ 38 " ,emp,a,e for s V nth ^is of an extension product of 

either ^ Palem aPP,iCa,i ° n ' PUb ' iCati ° n ° 332 «5 w disclose that ARMS may be effected using 

^^^^^^^^ Sub T tiaMy Compl — ^ ^ a diagnostic portion of a 
said suspected varian ucieotlde Ind T^lTZn^ * "T*. to the 

plementary to a diagnostic portton o? a dla9n0s j ,C pr,mer havin 9 a sequence substantially com- 

a *n^ nua JSZZ£^^ a ? SeqUenCe " the Second ^SnosticprimerLving 

(b) a first diaonostiJ ™2 hT complementary suspected variant nucleotide; or 

9n ° St,C Pnmef hav ' ng a se " uence ^bstantially complementary to a diagnostic portion of a 
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first nucleic acid sequence, the first diagnostic primer having a terminal nucleotide complementary to the 
rZ?w ' Wh, * Ch corresponds to the said suspected variant nucleotide, and a second diagnostic 
sZLTZ SU T m "" y t° mp,ementary t0 a « a -oond nuclei acW 

\eoZ ^5 e^tSSS T" 3 M * nM6e W^enleiy to the normal nuo 

SSost 1^^^? TT 66 V3riant nUde0tide: the Said te ™ nal nuMe * ^e first 
5 end I o r Ll nUCle ° tide ° f the Second dia 9™^ P ri ™ ^ing either both at the 

™ ^ f h 2 respective pnmers and the first nucleic acid sequence being in the opposite 

-" sequence. *• above embodiment of ARMS, the second d"gno 
pnmer may act as an amplification primer. 

tten^i^nT Un£ T Ctedly f ° und that " where ARMS * e^cted with diagnostic primers for diagnostic por- 
toe t^r r T tar9et baSe sec > uences - corresponding amplification primers may be provided whereby 
the ampl.fica ton products of at least two diagnostic primers and their corresponding amplification primes com- 
pose a complementary overlap. This is conveniently illustrated in Figure 1 0 <i) 

d iao rn';? aVealS0 u f nex P ec,ed| y found »«t any of the diagnostic and/or amplification primers conveniently the 

SSSJZS T 9n ° S , tiC P ° rti0nS ° f fifSt S6COnd tar96t baSS Sequences ma * comprisL a com^ 
plementary overlap, for example as illustrated in Figure 9 (ii) and Figure 10(H) 

The method of the invention is conveniently used for HLA typing, in the diagnosis of B- thalasaemia sickle 
cell anaemia phenylketonuria (PKU), Factor VIII and .X blood disorders and a-1 -antitrypsin 

Con^T^l^l^T 6 ^ ? r S6nt inVenti ° n fe me deteCti °" and dia 9" osis °' «*■*» tresis. 
Kerem It J %T L d ' SC ' 0Sed ,n ° ur Eur ° pean Patent Application No. 90309420.9; by B 

LIS T"' 89> — • 1073 - 108 °: bv J -R- Jordan et al. Science. 1989, 245. 1066-1073 by J M 
l6l' SZO 6 ^ 1 ^ 1059 - 1065: b * e ' R - Cu«inglt al. Nature. 3^.161-368^ M Dean ei 
fJ l' ^ f 1 1I ' y K - Koba y ashi 8* »L Am. J. Hum. Genet., 1990. 47, 611-615; by B Kerem et al Proc" 

If^n r 2 -; r 3 HH ^ I 5 '! 67 " Tab ' e 4 561 ° Ut h6reinafter Sh0ws convenient CF Nations * 
If only 1. 2 or 3 nucleos.de triphosphates are present then a diagnostic primer will only extend as far as 
*e presence of these nucleoside triphosphates will permit. As indicated above, wher^ here is a ^n^smatch be 

£Z ina ' ° f dia9nOStiC Pfimer a " d the —spading „^V^£I,£ 
LiLnh^ nUde ' CaC,d no P nmer extensi °" w«l be effected . Where, however, the 3' terminal nucleoside 

jSK^issr the c °^ spondin9 nuc,eoside in *• — « 

of th^tTnS i 2 ° r 3 f . nudeoside triphosphates are used and in use. the terminal nucleoside triphosphate 
ll^Tn^ y T°T P " mer fe ° n,y empl0yed 0nCe > then 11 ma * be advantageous to use a dideoxy nuc 
SS^STS£2T 60Side triphoSphate which in use *■ »"■«"»■ the termina. nudeoside triphot 

£5££ SSZ Pr ° dUCt - Thfe Wi " aSSiSt in PradUCtfon ° f 3 tension 

incorporate into 1™? °I ^ nUC ' e ° Side tri P hos P hates P rese "« reaction mixture for the purpose of 

e^ZTnl >or It ^ " , ""T**? m3y ^ ' abe " ed ° f ***** * a " y °° nvenient manner Thus 
"osTdJ ^ triohsonh^ ? , 6 n " C,e ° S,de «"Pho.phaU» may be fluorescently labelled. This labeHing of the nuc- 
T S T 51 ! Pa CU,ar mtereSt Where P roductio " of ^ extension product of a diagnostic primer 
P^uct Whte no ^ l '° n ° f *; ,abel,ed ° r nUde ° Side W P h -P^ta(s) incorporated in'the exte'nsTon 

KifJUT "° extensi °" product 15 fonTied no incorporation takes place, and the labelled or marked nuc- 
leoside triphosphates may for example be washed away 

di S crTm!'ni«n i t Ul K ,1y "? ^ ^ Pr ° b ' em ° f am P |ificatio " of ^factual products and thus enables good 
frnX^tw « f Ch ; eVed the Pr6SenCe ° f the labeNed or marked nucleoside triphosphate^). Where 
»Z S ^ ,?h ? ed J° r 6XamP,e by the USe ° f PCR a "y P roduction of an artefaohial product may result in 
SSS^^SET* ^ ^ inCOrP ° rati0n ° f ^ ,abe " ed ° r ^^e P W phosphat y e thereby 

~* h-n additi ° n ab ° Ve " may be deS, ' rab,e that the dia 9 noslic P rir ner carry one member of an immunologi- 
bTotin 2 hi P nH- r ' T a " a "! 9en ° r 3n antib0dy ' ° r ° ne member of a com P ,ex formina P^r. for example 

phase ef ° f bindinS P3ir ° rf0fniin9 P airfor the P^pose of capture on to solid 

Whilst we do not wish to be bound by any theoretical considerations it is believed that the method of the 
present .nvenbon may be performed using any convenient number of diagnostic primers, such as up to 50. up 

A^ino to!! °i 5 ' T e t XamP ^ UP t0 20> UP l ° 15> UP t0 10> 9 ' 8 ' 7 ' 6 " 5 ' 4 « or "P to 3 dia 9 n °stic primers 
According to a further feature of the present invention there is provided a kit for detecting the presence or 

absence of more than one variant nucleotide in a target base sequence comprised in a nucleic acid sample. 

wnicn Krt comprises:- 
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ton. a terminal nucleotide of a diagnostic orirner blZ i P ^ to the re,evant ^agnostic por- 
leo«de or to the corresponding n^S^^^^T"*^^ * * SUSPeCted Variant ^ 
• . Pnmer is synthesised when the terminai "n^* ^£lS " 6X160510,1 Pr ° dUCt ° f 3 di3 9 nostic 
responding nucleotide in the target base seance no extS- T'fT* COmp,eme " te <y »° the cor- 
neal nucleotide of the diagnostic primer ext * nsion being synthesised when the ter- 
base sequence and wherein t^^^^S^^ — Ponding nucleotide in the target 
nostic portion of the target base sequel « I Lm , '° r more *»" °" e 
» (2) each of four different nud.o.^wXSS .i^^^^ 
(3) an agent for polymerisation of the nucleoside trip host, hates in m 

variant primers are provided in two separate llll lT I ? ° f eX3mp,e a " the no ™ al P"™rs and all the 
« combina tion of norma, and v-ta* ^^"ST" "* ~" 

Advantageously the kit nf m« « . . '^em. 
primer(s).the 9 nuc.eo«idese uen -ofril^S'nrtt'^ ampHfication 
responding diagnostic primer may, after . T° ^ any eXtenSi ° n P™** * a 

an extension product of the impLj^ZiX^S^^ "™ 38 3 temp,3te ^synthesis of 
» .ntemal control primers, where appropriate PreSent ' nVenti ° n may a,so - if desi «*. delude 

--£■525 :ssssr h k e» e rr ntten ~ pcr — 

•eotide. p mer < as ^nafter defined) m respect of each suspected variant nuc- 

be analysed is added. Advantageously h sZZ ln JnZ u £v ^ to Which lhe material to 

Printed instructions for the use of a ki^Tn TT add,t,ona!lv cor "ain buffer. 
A particular use for the kit of tL oresLr ^ ^ ° Ml y f™***- 

The term "nucleoside^ ha e^'^ T^T ° f ^ 

and thus includes nucleosides wh'ch incorporal adenine 721^ ^^ eW,er DNA or RN * 
sugar moiety being deoxyribose or ribose T£n^ ZZ™\ g ™T e ' *^ ,n9 Ur3Ci ' 38 base ' the 
w,th a DNA porymerase. ,« wil, be appreciated ^^^SS^T^ * h Nation 

one of the conventional bases adenine cvtosine Z^i„! L S6S 03,3313,6 of base P airin 9 ™* 

^ bases include for example 8^^^"^ ^ ™* ™ y be Such modified 

includes nZZTslZ fn^ratatnTne toLT^ ^ * ^ °" A * RNA «- thus 
ety being deoxyribose or ribose It Sbe ao D reda^hT "T" 8 ' %mine 3nd uracil as base ' ^ugar moi- 
with one of the conventiona, ^^.^^^3^^^ 03565 rapab,eo ' ba -P*ring 

e-rp^a^^^ 
oraS~ 

contain all four different nucleotides then exl! nsS TroH ,? , ^ b8Se se ^nce which do not 
products of the amplification primers may be SSn^^^TJ^'^"^'**^ 
leos,de triphosphates and all four different nucleoside wXT T 1*° appro P riate corresponding nuc- 

The agent for polymerization of th. n . w ■ ^P" 08 ?" 3168 w °"'d not be necessary, 

function to accompUTh^ 

this purpose indude. for example. E.coli DNA PoCe4 se t ' 'T** 9 Su, ' t3b,e en2 ^ ** 

DNA polymerase, other avai.able bl^olymtaseTreve^ ^ r 9 ^"' * ^ ° NA P°'^erase I. T4 
mostable enzymes. The term ^mK^bZ^^TS^?' ^ en2ymeS ' indUdin9 thei " 
heat and is heat resistant and catalyzes (mS-^kw T re * a " e " 2yme wnicn is ste We to 
form the primer extension products vSch Sf^lZTT" °l Motides in P^Per manner to 
esis wi,. be initiated at the % end of each ^^^2^^ ^ ° mm ^' the «* nth - 
unt,l synthesis terminates, producing a^^^^^ % 5 d,feC « 0n a,on 9 temp,ate strand, 
mostable enzymes, however, which initiate synmes^tne^ 

the same process as described above A 0^8^?^^ I Pr ° Ceed ln the ° ther directio ". ^ing 

cess of the present invention is that which ca^ Z T* S**™ M ™ y be emp, °y ed in *. pre! 
has a molecular weight of about S6 000 ^S^S^^ ^ Jherrn^a^cus. Such enzyme 

su.ooo daltons as descr.bed in European Patent Publication No 
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^S S from IS L E A ° Pean P r ent F ? b ! iCati ° n N ° 258 '° 1 7) - Thermus aQuaticus strai " ™ is availaWe without 
A?CC S/S Mler,Ca " ^ CU ' tUre Co " eCtion - 12301 P *™*™ Drive. Rockvilie. Maryland. USA as 

*er^^^^^ ^t portion of the target base seouence (as 

or absence of which w£ tot ZTcZ G Tnerin ^ nucle °«<^). *• P^ence 

end of the diagnostic portion sfnc X 7» b * * ,he 5 ' - terrninal 

end of each primer as LscnbZ abwe wZt Z ""^ e * tenS '°° Pr ° dUCtS wi " be initia,ed at the 3 ' 

synthesis aUhe 5< J^TS^^SZTT''" 1 ** pol y merisation «• •» used which initiates 

bases, up to 200 bases „ |» ■£ ^ ' " P '° 350 6a " s ' f ° r exam P te "P <° 3 °0 b«ses. up «, 250 

The J! " ™ re P"**'"* "P to 100 bases, such as up lo 80. 60 oM0 bas.s 

r;rsr M r~^ 

primer must be •JS^tomTZZJZ?^, Prefer ( ab,y ' the primer is an oligodeoxyribonucleotide. The 

s^sr P rr~ 

be M US K Sd hefein iS d6fined aS the Po^uCeotides which may or may not 

bas^«mtr?v ^n t ?Sr P ^ n0e S6nCe ° f V3riant nuc,eotide ( s > in a diagnostic portion of the target 
the":^ — amplification primer extension 

du otTl ^wS^JT - ^ 38 ^ her6in fe d6fined ' reSpeCt Ofboth P rimere a "« extension pro- 
SeS A SeqU6nCe C ° mm0n t0 the am P ,ifica «°n P^ucts. The degree of overlap depends on the P r me^ 
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t^nnf^ " P tC 1kb ' UP t0 900 baseSl up t0 800 bases - U P to 700 bas «. up to 600 bases, conveniently ud 
to 500 bases, up to 400 bases, up to 300 bases, up to 200 bases or up to 100 bases "P 

oar ^ZlV^T^ t0 " I" US6d herei " re ' a,i0n 10 nucIeotid ^ to ™an a nucleotide which will base 
o^l^TZ SPeC lf * nude0tlde - Thus adenine * comp.ementary to uricil or thymine and guanine is com- 
plementary to cytosme. It .s appreciated that whilst thymidine and guanidine may base pair under certain Z 
cumstances they are not regarded as complementary for the purposes of this spectfica on 7wwS> be 

222^2? T \T°*' me ad6nine 6356 Palr Und6r C6rtai " <-™<ances they a^ ^ eg^ 
as complementary for the purposes of this specification. The same applies to cytosine and uracil 

sealen-^^rr*? *° "* " substantial| y" complementary to the different strands of each specific 

sequence to be amplified. Th.s means that the primers must be sufficiently complementary to hybridize with 

?ZT7 a f' Theref ° re - ^ Primer Sequence need not reflect tne exact sequence of 
For example, where the diagnostic primer comprises a nucleotide sequence in which the 3' -terminal nucleotide 

comnT/™rri ary l °, ^f'^ suspected variant nucleotide or the corresponding normal nucleotide a non- 
complementary nucleotide fragment may be attached to the 5' -end of the primer, with the remainder of the 
primer sequence being complementary to the diagnostic portion of the target base sequence. Commonly how- 

HZ'^l £Th T T* com P |ementa "ty exce Pt ^ so far as non-complementary nucleotides may be pre- 
sent at a pre-determined primer terminus as hereinbefore described. 

It will be appreciated, however, that in certain circumstances synthesis of a diagnostic primer extension 
product might be induced to occur even in the presence of a non-complementary S -terminTre idue S 

K^S^^r^ 8 ? ° f t0 ° ' 0W 3 temPeratUre WhiCh CaSe the temperature may be 
increased, too long a time of mcubation/annealing in which case the time may be reduced, too high a salt con- 

nulSJ? W J' Ch S8,t COncentration ™* be redu «d. too high an enzyme concentration, too high a 

these fectors'a^d' an incorrec < pH ° r an «"»™ « length of oligonucleotide prime, *| of 

T^rZT n T European Patent P"°"cation No 237.362. A major source of artefactual products 
is probably al lowing the reaction temperature to fall too low. thus permitting too low a stringency, for example 

oolvmT'"? f rea T Cti ° n miX ' Ure fr ° m the h6at CyClin9 meanS ' even briefl V for e « m P'« to add he agenTfor 
;° r'I a '° n f (e f ? q P0lymerase > es P ecial| y in the first reaction cycle. In addition to the above we have found 
tr.at such artefactual results may also arise from use of a diagnostic primer which is particularly rich in G 
(guanosme) and C(cytidine) residues. A diagnostic primer may give rise to difficulty in L r^£i <£ 
nch as a whole or particularly if it is G/C rich at its relevant, normally. 3'. end. Moreover the precise nature of 
the base paring m the reg,on of the relevant, normally 3', end of the diagnostic primer when in use may be the 
nonlaHv 8 ?^ T <Z S f ThUS PreS6nCe ° f AS < adenosine > in the ba <* Pairing in the region of the re.ev- 
dols noT^rth.! 1* 9nOSt, ° pnmer ,ends t0 improve specificity whilst the presence of Gs (guanosine) 
nrim J F " rthe,more tne P rec, se nature of the mismatch at the relevant, normally 3'. end of the diagnostic 
pnmer may be an important factor in whether or not an artefactual result is obtained. Thus for example an AA 
LrL ST?,- " 0t n0rma " y r6SUlt in h y bridisati °n. b "t a GT or AC mismatch may result in a sufficient 

ZZil J? t0 r6SUlt the f ° rma,i0n ° f artefactual product < s >- Artefactual re ^s "-y b e avoided 

by dehberately introducing one or more further mismatched residues, or if desired, deletions or insertions, within 
the diagnostic pnmer to destabilise the primer by further reducing the binding during hybridisation 

may be U Lr d X ^n P !roH ny °r Ik ° f ^ 1 °' ^ 6 nudeotides ad J a «nt to the terminal mismatch 

Zlll ™ t 6 furthermis " la tching. In general only one mismatch in addition to the terminal mis- 

eTl^ l ~, H eC *> S T positioned for example - 1. 2 ° r 3 ***** from the terminal mismatch. Thus, for 
rclall0n to the ^termination of the presence of a normal homozygote. heterozygote or affected 

«Z m>H "IT? ° f ^ 2 a " ele ° f the a1antit ^P sin 9ene we have found that good results maybeobtained 

y^t^SS! nm 6 3 ' l TT nuc,eotide is altered 10 9enerate a mismatch in use - Thus f - *• 

™, ZZ Z ! PfeSenCe ° f 3 C ' nStead 0f an A as tne * w nucleotide from the 3' terminus of the diag- 
Z Z r J^i !"? ' ' " 0rma ' homoz y9° tes - heterozygotes and affected homozygotes in respect of the 2 allele 
Z?JZZ^ TT d - b6St deSi9n ° f dia9n ° StiC Primer m ^ ,hus be ^termined by straightforward 
ao SS^SSSi^Sr 3b0Ve Criteria - eXperimentation bei "9 ^ ^e ability of the molecu.ar 

1*^*" " $in9 ARM f, PrimerS having additional destabilising mismatches adjacent to the 3' terminal nuo- 

IZ r^ZSS? Y i^-? Pnmer eXtenSi ° n Ca " Sti " 0CCUr d6Spite — p.ementarity be- 

ZZT^Z nucleobde of the ARMS primer and the suspected variant nucleotide. This is believed to 

5S I£ JSL conipl ^ menla [y bindina of « least a terminal nucleotide of the diagnostic primer with corresponding 

Ztel, 1 J 96 ' DNA adJaCent the SUSpected variant nucleotide - Whilst ™ d ° «* vvish to be bound 
-elbow^ consldera t.ons. the primer may bend on the target sequence, or vice versa, to form a loop or 

The above observation lead to the discovery of a method for detecting more than one variant nucleotide 
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in a target base sequence using a single diagnostic primer. 

According to a further aspect of the present invention we now provide a method for detecting the presence 
or absence of at least one variant nucleotide in a target base sequence comprised in a nucleic acid sample, 
which method comprises treating the target base sequence, together or sequentially with appropriate nuc- 
leoside tnphosphates. an agent for polymerisation of the nucleoside triphosphates and a diagnostic primer for 
a diagnostic portion of the target base sequence under hybridising conditions, the nucleotide sequence of the 
diagnostic primer being such that it is substantially complementary to the diagnostic portion, a terminal nuc- 
leotide of the diagnostic primer being either complementary (i) to at least two suspected variant nucleotides or 
(it) to at least two corresponding normal nucleotides; whereby an extension product of the diagnostic primer is 
synthesised when the terminal nucleotide of the diagnostic primer is complementary to at least one correspond- 
ing variant or normal nucleotide in the target base sequence; no extension product being synthesised when 
the terminal nucleotide of the diagnostic primer is non-complementary to all suspected variant nucleotides or 
non-complementary to all corresponding normal nucleotides in the target base sequence; and detecting the 
presence or absence of the suspected variant nucleotides from the presence or absence of extension product. 

Conveniently, a corresponding amplification primer is used, any extension product of the diagnostic primer 
being capable of serving as a template for synthesis of an extension product of the amplification primer after 
separation from its complement. 

The above method may be used in combination with any convenient aspect of the ARMS invention as dis- 
closed in our European patent application no. 0332435 or as described herein. We believe that the number of 
suspected variant nucleotides which may be analysed using a single diagnostic primer is limited only by prac- 
tical considerations. Conveniently up to five, up to four or up to three suspected variant nucleotides may be 
analysed. In particular two suspected variant nucleotides are analysed using a single diagnostic primer. 

Appropriate diagnostic primer design will depend on the variant nucleotides to be analysed and the dist- 
ance^) between them. Convenient distances included up to 20, up to 15. more conveniently up to 10. up to 5 
bases, such as up to 3 bases. It will be appreciated that the primer may be designed so that the corresponding 
"elbow" arises either in the primer or in the target base sequence. If appropriate the "elbow* may be designed 
to favour internal hybridisation thus providing additional stabilisation, for example using universal bases such 
as inosine within the "elbow". 

It will be appreciated that where the method gives rise to primer extension/amplification products from more 
than one suspected variant nucleotide it will be necessary to separate these according to size for direct dis- 
crimination. Alternatively, the formation of an ARMS product may prompt further individual analysis. 

The above method is conveniently used in the diagnosis of CF mutations, for example W1282X and 
R1283M which are within 3bp of each other. A convenient primer which hybridises to both mutations is shown 
below: 



TGAA 

I / 

R1283M Target ATGGA AGC 

Mill Ml 

primer sequence 3 ' TACCTTTCG 

Mill MI 

W1282X target TGAAGGAAGAC 

The primer shown above has been shown to anneal to R1 283M and W1 282X DNA as shown by the results 
of ARMS reaction using both these target sequences. The R1283M target is shown looping out from the primer 
sequence. There is f at present, no evidence that this is where the loop or "elbow" actually occurs. 

Further convenient target base sequences comprising adjacent mutations include RAS oncogene sequ- 
ences (see for example J.L. Boos et al , Nature 327 , 293 (1987). 

In standard ARMS assays the lengths of the products to be detected may be readily adjusted with reference 
to the corresponding amplification primers. In overARMS assays of the present invention the products are often 
of similar size and care is required when distinguishing these. We have now found that primers used in the 
methods of the present invention are conveniently provided with tail sequences which do not hybridise to the 
target base sequence(s). As illustrated in Example 7 we have found that a tail sequence may be used to provide 
a larger primer extension/amplification product whilst essentially retaining the hybridisation characteristics of 
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a corresponding non-tailed primer. Any convenient length of tail may be employed, such as up to 100 90 80 
70, 60 or, more conveniently, up to 50, 40. 30 or up to 20 bases. ' ' . ' 

In addition, we have unexpectedly found that the use of non-homologous tail sequences may also be used 
to increase the y.eld of primer extension/amplification product. As illustrated in Example 8 the relative yield of 
a particular product was enhanced using a GC rich tail. 

Multiple amplification products arising from the methods of the present invention may be distinguished by 
a variety of techniques. Thus, for example, probes may be employed for each suspected amplified product 
each probe carrying a different and distinguishable signal or residue capable of producing a signal 

Such signals and residues capable of producing a signal are discussed in detail in our European Patent 
Publication No. 246.864, but might for example include the solid phase amplification system described by Wanq 
C G m World Biotech Report 1986 vol. 2, part 2 pages 33-37, (Diagnostics Healthcare Proceedings of the con- 
ference held in November 1 986, San Francisco) in which microbeads formed with many chosen trace elements 
are conjugated to the probe. The presence of specific probes may be detected by x-ray fluorescent analysis 
Such techniques would generally be simple and straightforward to apply since it would only be necessary to 
detect the existence of an amplification product rather than distinguish between sequences differing by as little 
as a single nucleotide. 

The presence or absence of a given potential variant nucleotide may thus advantageously be detected by 
electrophoretic techniques, in which the different amplified products obtained may be distributed according to 
, their molecular weight and thereby identified for example by autoradiography or fluorescent techniques The 
lengths of the different products may only differ by a single nucleotide, but preferably the lengths will differ by 
at least 3 nucleotides. The process of the present invention is preferably effected by the use of an intercalating 
dye such as eth.dium bromide which may be visualised as an orange fluorescence upon ultraviolet irradiation 
Thus the presence or absence of a plurality of potential variant nucleotides in a single sample may be rapidly 
accurately and easily determined. If desired the diagnostic primer(s) and/or the amplification primer(s) may be' 
marked or labelled for example by the use of a fluorophore. Thus, for example, each different diagnostic primer 
or amplification primer may carry a different fluorophore so that the results of a battery of tests may be read 
from an electrophoresis gel for example by a laser scanner, thus enabling automation of the method of the pre- 
sent invention. Alternatively the presence or absence of an amplified product may simply be assessed by the 
use of a solvent capable of selectively dissolving nucleoside triphosphates, but not capable of dissolving a nuc- 
leot.de sequence (for example DNA). Trichloroacetic acid (TCA) is an example of such a solvent Thus for 
example the presence or absence of an amplified product may be determined by TCA precipitation of amplified 
reaction mixtures. Where incorporation of the appropriate nucleoside triphosphates has occurred in an expo- 
nents reaction series then substantially greater amounts of TCA insoluble material will be present than where 
no extension of the diagnostic primer has occurred. Quantification of insoluble material might be accomplished 
by known methods. Thus for example the nucleoside triphosphates might be labelled (for example by a radioac- 
tive or fluorescent marker), the reaction mixture may be subjected to for example centrifugation, the liquid pre- 
sent decanted off and either the liquid or the insoluble product subjected to appropriate detection techniques 
such as radioactive counting or fluorescence determination. 

According to a further feature of the present invention we provide a set of at least two nucleotide primers 
of from about 5 to 50 bp for use in the method of the present invention, a terminal nucleotide of each primer 
being complementary to either a suspected variant nucleotide associated with a known genetic disorder or to 
the corresponding normal nucleotide, the remainder of the said sequence being substantially complementary 
to the corresponding target base sequence adjacent the suspected variant nucleotide or corresponding normal 
nucleotide, the primers being such that when used as diagnostic primers in the method of the present invention 
an extension product of a diagnostic primer is synthesised when the terminal nucleotide of the diagnostic primer 
is complementary to the corresponding nucleotide in the target base sequence, no extension product being 
synthesised when the said terminal nucleotide of the diagnostic primer is not complementary to the correspond- 
ing nucleot.de .n the target base sequence and wherein the potential extension products of diagnostic primers 
for more than one diagnostic portion of the target base sequence comprise a complementary overlap 

According to a still further feature of the present invention we provide a primer for use in the present inven- 
tion the primer being substantially complementary to a diagnostic region of a target base sequence, a terminal 
nucleotide of the primer being either complementary (i) to at least two suspected variant nucleotides or (ii) to 
at least two corresponding normal nucleotides; the primer being such that when used as a diagnostic primer 
in the invention an extension product of the diagnostic primer is synthesised when the terminal nucleotide of 
the diagnostic primer is complementary to at least one corresponding variant or normal nucleotide in the diag- 
nostic region of the target base sequence; no extension product being synthesised when the terminal nucleotide 
of the diagnostic pnmer is either non-complementary to all variant nucleotides or non-complementary to all cor- 
responding normal nucleotides in the target base sequence. 
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Conveniently the terminal nucleotide being complementary to either a suspected variant nucleotide or to 
the corresponding normal nucleotide is at the 3' end of the nucleotide sequence. Preferably the suspected vari- 
ant nucleotide results from a point mutation of the corresponding normal sequence. 

According to four further features of the present invention we provide nucleotide sequences as defined 
rmmediately above and wherein a terminal nucleotide of the nucleotide sequence is complementary to a variant 
nucleotide resulting from a change of the corresponding normal nucleotide to <i) A, (ii) G, (Hi) C (iv) T or U re- 
spectively. 

The invention will now be illustrated but not limited with reference to the following Examples Figures and 
Tables wherein:- 

Figure 1 is a summary diagram of the Cystic Fibrosis (CF) gene indicating the location of the exons, the 
mutations described in the text and the location and orientation of the ARMS primers. 

Figure 2 shows the results of an ARMS analysis using the F508/I507 specific primers 1710 and 1711. For 
each sample analysed there are two reactions and these are adjacent on the gel photograph. The first track 
contains the products of the normal reaction and the second the products of the mutant reaction. Both reactions 
contain the control a1 antitrypsin primers and the products of these primers are labelled V; the products of 
ARMS primers are labelled F508. The track labelled M M M contains molecular weight markers. The results of the 
ARMS analyses are: 
Sample 1 F508 heterozygote 

2 F508 heterozygote 

3 F508 heterozygote 

4 F508 homozygous mutant 

5 normal 

c no DNA control 

6 normal 

7 normal 

8 normal 

Figure 3 illustrates how two sets of ARMS primers can be used to identify and discriminate the F508 and 
1507 mutations. 

F508N = F508 Normal primer (1 880) 

F508M = F508 Mutant primer (1 879) 
508/507N =F508/!507 Normal primer (1878) 
508/507M = F508/1507 Mutant primer (1 877) 

Primer sequences are indicated in Table 1. Only a small section of the normal (a), mutant F508 (b) and mutant 
1507 (c) CF gene sequences are shown. The two sets of ARMS primers are shown aligned with the CF gene 
and mismatches are indicated with bold type. The arrows -» indicate which combinations of primers and gene 
sequences give rise to ARMS products. 

Figure 4 shows two sets of single ARMS analyses. The first three pairs of tracks are from three samples 
analysed with ARMS primers specific for the R560T mutation and the second three pairs of tracks are from 
three samples analysed with primers specific for G542X. In each case the products of the normal ARMS reac- 
tions are in the left hand track. Also shown are a negative control sample (c) and molecular weight markers 
(m). The results of the ARMS analyses are: 
Sample 1 - R560T heterozygote 

2 - R560T heterozygote 

3 - normal 

4 - G542X heterozygote 

5 - G542X heterozygote 

6 - normal 

Figure 5 illustrates an ARMS multiplex example combining primers for F508 and R560T. The first track in 
each pair of samples contains the normal primers and the second contains the mutant primers. The results of 
the ARMS analyses are: 
Sample 1 - F508 heterozygote 

2 - R560T heterozygote; F508 heterozygote 

3 - R560T heterozygote; 

Figure 6 shows the results of an ARMS multiplex combining primers for N1303K(a) f G551D(b) ( R1 17H(c) 
and F508 (d). The location of the four ARMS products is indicated on the left hand side of the figure. The first 
track in each pair contains the normal ARMS primers and the second contains the mutant ARMS primers. The 
no DNA control and molecular weight markers are indicated by "c" and "m". The results of the analyses are: 
Sample 1 - F508.R1 17H compound heterozygote 
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2 - F508 homozygous mutant 

3 - G551 D homozygous mutant 

4 - G551D.F508 compound heterozygote 

5 - N1303K.G551D compound heterozygote 

6 - N1303K.F508 compound heterozygote 

7 - N1303K.F508 compound heterozygote 

8 - normal 

anri pj"?.. 7 the resu,ts of an ARMS multi Plex combining primers for N1303K(a). G551D(b). R117H(c) 

and F508(d) The location of the four ARMS products is indicated on the left hand side of the figure. The first 
track ,n each pair contains the normal F508 and G551 D primers and the mutant N1303K and R1 17H primers 
The complementary primers are in the second track in each pair. The no DNA control track is indicated -V 
The results of the analyses are: 
Sample 1 - F508.G551D compound heterozygote 

2 - F508 heterozygote 

3 - F508.N1303K compound heterozygote 

4 - G551D heterozygote 

5 - normal 

Figure 8 demonstrates an overARMS multiplex analysis. The location of the products of the four ARMS 
" tH ? mU ' tipleX (621+G>T> G551D " G542X and F508 > is indicated on the figure together 
^ nV^Zr yS ' S - Abbr6Viati0nS US6d are " " m = 9 - 9 enotype;h = hetero1vgote 

In lifSmTnrt COnVen ' ent ""angements for diagnostic primers used in the method of the invention. 

In (,). (,„) and ,v) the pnmers (DP1-DP3) are provided on the same target base sequence. In (iii) and (iv) the 
pnmers compnse a complementary overlap. In (ii) the primers comprise a complementary overlap but a/e on 

different target base sequences. c.,d H uuiareon 

prime^s^ diaQn ° StiC (DP1 " DP3) USed in combination with corresponding amplification 

Figure 11 shows eleven sets of single ARMS analyses. For each ARMS test there are two samples' The 
first sample in each pair is from a normal individual, the second is from an individual heterozygous for the muta- 
fcon under test Ail of the tests, except for N1303K, contain an additional control reaction. For each sample the 
tower case a indicates the track containing the products of the normal reaction and the lower case b indicates 
the track containing the products of the mutant reaction. M indicates a marker track. 

The ARMS tests are arranged as follows:- 

A, Samples 1 and 2 - R560T ARMS test 
Samples 3 and 4 - G551D ARMS test 
Samples 5 and 6 - G542X ARMS test 

B. Samples 1 and 2 - R1 17H ARMS test 
Samples 3 and 4 - 1717G>A ARMS test 
Samples 5 and 6 - W1282X ARMS test 

C, Samples 1 and 2 - R553X ARMS test 
Samples 3 and 4 - 621+1G>T ARMS test 
Samples 5 and 6 - N1303K ARMS test 

D. Samples 1 and 2 - G85E ARMS test 

«f / i9UI ! 1 ? Sh ,T S tHe reSU ' tS ° f 30 ARMS mu,tip,ex ana| y sis usin 9 the revised standard test. The location 
of the products of the four ARMS reactions combined in the multiplex (621+1G>T, G551D G542X and F508) 
is md.cated on the figure. The first track in each pair, labelled a, contains the normal 621+1 G>T and F508 prim- 

nllTi^wT 13 ^ G551D ^ G542X Pdmere * The ^Ptementary primer, are in the second track in each 
pair, laDened o. 

The results of the analyses are: 
Sample 1 - normal 

2 - F508 homozygote 

3 - F508 heterozygote 

4 - G542X heterozygote 

5 - G551 D heterozygote 

6 - 621+1 G>T heterozygote 

Figure 13 shows the results of an ARMS mutiplex analysis using the Standard plus test. The location of 
the products of the seven ARMS reactions combined in the multiplex <621+1G>T, R553X. G551D, G542X, 
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W1282X/R1283M and F508) is indicated on the figure. 

The first track labelled a in each pair contains the normal 621+1 and F508 primers and the mutant R5523X, 
G551D r G542X and W1282X/R1283M primers. The complementary primers are in the second track labelled b 
in each pair. 

The results of the analyses are: 
Sample 1 - normal 

2 - R553 heterozygote 

3 - W1282X heterozygote 

4 - R1283M, F508 compound heterozygote 

5 - R553X, G551D compound heterozygote 

6 - G542X heterozygote 

7 - 621+1G>T, F508 compound heterozygote 

Figure 14 shows the results of an ARMS multiplex analysis using the extended mix. The location of the 
products of the five ARMS reactions combined in the multiplex (R560T, R117H. 1717-1G>A, DI507/DF508 and 
N1303K) is indicated on the figure. 

The first track labelled a in each pair contains the normal R560T, 1717-1G>A and N1303K primers and 
the mutant R117H and DI507/DF508 primers. The complementary primers are in the second track labelled b 
in each pair. 

The results of the analyses are: 
Sample 1 - normal 

2 - N1303K. DI507/DF508 compound heterozygote 

3 - 1717-1G>A, DI507/DF508 compound heterozygote 

4 - R117H, DI507/DF508 compound heterozygote 

5 - R560T, DI507/DF508 compound heterozygote 

6 - DI507/DF508 homozygote 

7 - DI507/DF508 heterozygote 

Figure 15 illustrates further specific ARMS tests. In a) the test is for F508. The panel indicates the sequ- 
ences of the ARMS primers and the target DNA. The diagrams in the boxes align the normal and mutant ARMS 
primers (3'-5') with the normal / F508 and / 1507 target DNA sequences. Complementary bases in the ARMS 
primers are shown in normal type whereas non-complementary bases are shown in bold type and displaced 
from the target sequence. An arrow indicates primer/target combinations which act as a substrate for Taq DNA 
polymerase under standard ARMS conditions and a cross shows where extension does not occur. Below the 
boxes are the results of an ARMS analysis using normal primer 1880 and mutant primer 1879 (see Table 1). 
For each of the five samples (1-5) there are two tracks, the first shows the products from the normal ARMS 
reaction and the second from the corresponding mutant reaction. Abbreviations used are N - normal; Np = nor- 
mal primer; M = mutant; Mp = mutant primer; C - control; AP = ARMS product. In b) the test is for I507/508. 
The panel shows the corresponding information for the / F508, / I507 specific primers (1878 and 1877, see 
Table 1). The ARMS primer sequence is written 5'-3'. The genotypes of the five samples are 1) normal, 2) / 1507 
heterozygote, 3) / F508 homozygote, 4) / F507 heterozygote and 5) / F508. / 1507 compound heterozygote. 
These genotypes can be deduced from the combined results of both analyses. 

Table 1 lists the complete set of primers used in the study. For each CF mutation all the normal (N), mutant 
(M) and common (C) ARMS primers described in the text are listed. For CF point mutations, any additional mis- 
matches introduced into the normal and mutant primers are shown. If the additional mismatch is not at the penul- 
timate base then this is indicated in the Table. The nucleotide sequences of all of the primers are listed. 

Table 2 shows the results obtained in the first overARMS attempt described in the text. For the 8 samples 
tested, the genotype is listed followed by the results obtained with the three pairs of ARMS primers. The pre- 
sence of a + indicates that product was observed. 

Table 3 summarises the primers used in the overARMS multiplex described in Example 3. The numbers 
are the primer reference numbers described in Table 1 . The A-mix and B-mix refers to the two reactions of the 
ARMS test 

Table 4 lists observed mutations of the cystic fibrosis (CF) gene. 

Table 5 indicates primers used in the revised standard overARMS multiplex (Example 6). 
Table 6 indicates primers used in the standard plus overARMS multiplex (Example 7). 
In the Examples below the following materials and methods were employed: 

Preparation of genomic DNA 



Human genomic DNA samples were prepared by one of three methods:- 
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^^^^ 

rnicroC^ ^ the J emaini "9 ce »^ was pelleted in a 

^ „„ M 7 \ , prepared .n this way was used in ARMS reactions with the standard ml* 

sup„n,ta„t, ,„<, ells „„ e w«,hed 300„l of 1 0mM Nad/ 10mM EDW and cdLcZ I! mi™, " 



detailed for blood in section b) was followed. 
ARMS reaction conditions 



incubation by a further 10 min * C ° mP ' eted by the extensio " ° f *• ■« 72°C 

ethidtm £onl P ° R *" ^ 9e ' electro ' h °-- ""ugh 3% Nu-sieve agarose (2:1) containing 



Example 1 

ARMS analysis of single CF mutations 



^^^^^'SX^SS 10 a r W K, th f 'T mifiCati ° n ° f Si " 9,e CF mutations - Reacti0 " s -re 
mutates andThr^Sri^ \ A ° f ^ CF 9ene " Sh ° wi ^ the "««■" - ^e CF 

». J±. \*h . in that additional control primers were included in the tests to pnc,^ ^m»r* *J 

1+2) F508 and 1507 

An ARMS test for these mutations has alredy been described by C.R. Newton et al (Lancet. 1990. 335. 
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(8699), 1217-1219). In the CF gene the I507 and F508 mutations are adajacent (Kerem B. t Zielenski J., Mar- 
kiewicz D„ Bozon D.. Gazit E„ Yahaf J.. Kennedy D., Riordan J.R., Collins F.S., Rommens J.R. and Tsui L-C, 
Proc. Natl. Acad. Sci. USA, 1 990, 87, 8447) and the published ARMS primers identify both of them. These origi- 
nal primers (1710 and 1711) are listed in Table 1 and a typical analysis is shown in Figure 2. 

s To allow the differential diagnosis of F508 and 1507 two further ARMS test were developed. The first was 

similar to the original test in that both mutations were identified simultaneously (primers 1 879 and 1 880 - Table 
1). The second ARMS test was designed such that genes carrying F508 would be identified as mutant whereas 
I507 genes would appear normal (primers 1877 and 1 878). These primers are listed in Table 1 and a diagram 
Illustrating their specificity is shown in Fig 3. It is clear that, by sequential use of these ARMS tests, I507 and 

10 F508 individuals can be differentiated, 

3) R560T 

The R560T mutation is the result of a G to C change at bp 1811 in exon 1 1 of the CF gene (Kerem et al, 
15 1990). ARMS primers 1747 and 1749 were designed to allow the diagnosis of this mutation. In addition to the 
3' terminal mismatch caused by the presence or absence of the R560T mutation, the introduction of an adenine 
residue at the penultimate base of both the normal and mutant ARMS primers gave an additional G/A mismatch. 
The purpose of this additional mismatch was to improve the specificity of the reaction. Details of the primers 
are given in Table 1 and a typical analysis is shown in Figure 4. 

20 

4) R117H 

This mutation is caused by a G to A change at bp 482 in exon 4 (M. Dean et al. Cell, 1990, 61_, 863-870). 
ARMS primers for the normal and mutant alleles were designed with an additional mismatch included at the 

25 penultimate base. In the first attempt to design an R1 17H ARMS test the primers used were numbers 1836 
(N), 1 835 (M) and 1 753 (C) (see Table 1 ) which included an additional C/A mismatch. When these primers were 
tested in an ARMS reaction with DNAfrom normal individuals or from individuals carrying the R117H mutation, 
it was found that the test was not completely specific. Although the DNA from R1 1 7H individuals gave a strong 
signal with the mutant ARMS primer (1835) there was also a signal, albeit weaker, when normal DNA was used. 

30 Three approaches were used to improve the specificity of the ARMS test; 

(i) It was found that reducing the concentration of the ARMS primers from 1 .0u,M to 0.125|iM gave the des- 
ired specificity although there was also a reduction in the overall strength of the signal. 

(ii) In the initial attempt using primers 1835 and 1836, the a1AT control primers had not been included. 
When these control primers were included in the ARMS reaction the desired specificity was then achieved, 

35 (Hi) It was also possible to increases the specificity of the ARMS reaction by redesigning the primers to 

increase the disruption caused by the additional mismatch. Two further pairs of ARMS primers were synth- 
esised; in these the additional mismatch was changed from the original C/A to a C/T (Primer 1 834 and 1 837) 
or to a C/C (1 838 and 1 832), When these primers were used in ARMS reactions, without the internal control 
primers, it was found that the C/T mismatch gave some improvement in specificity and the C/C mismatch 

40 gave the required specificity ie. product was not observed in the mutant reaction when DNA from normal 

indivuals was tested. 

5) G542X 

45 The cause of this mutation is a G>T change at bp 1756 (Kerem et al, 1990). ARMS primers were designed 

with an additional G/A mismatch at the penultimate base. When these primers (1830-N, 1831-M and 1823-C 
see Table 1) were used in an ARMS test in combination with the a1 At control primers the normal and mutant 
reactions were specific. A typical analysis is shown in Figure 4. 

so 6) R553X 

An ARMS test for this mutation (a C>T change at bp 1789 (G.R. Cutting et al. Nature, 1990, 346, 366-368) 
was designed such that an additional G/A mismatch would be formed with both the normal and mutant primers. 
When these primers (1853, 1854 and 1823; see Table 1) were used in a standard ARMS test along with the 
55 <x1AT control primers the desired specificity was obtained. 
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7) G551D 

The intia! attempt to design an ARMS test for the G551D mutation (a G>A change at bp 1784* Cutting et 
af Nature, 1990, 346, 366-368) was not successful due to a lack of specificity in both the normal and mutartt 
ARMS reactions. The primers used (1822-M, 1821-N and 1823-C; see Table 1) were designed to give an 
additional T/C mismatch at the penultimate base. 

The non-specific binding observed with the mutant ARMS primers, ie. product in the normal reaction was 
slight and was not observed when the a1 At control primers were included in the reaction. In the case of the 
normal primers however, a significant yield of normal product was obtained when DNA from an individual 
homozygous for G551D was analysed. Three approaches were used to solve this problem. 

As with the development of the R1 17H ARMS test the approaches used to increase the specificity were* 
mclusion of alaT control primers; reduction of the primer concentration and redesign of the ARMS primers to 
increase the level of destablisation caused by the additional mismatch. All of these approaches were success- 
ful. When the normal primer concentration was reduced from 1.0>M to 0.25uM specificity was improved 
although there was a slight compromise with product yield. 

Four additional normal primers were designed. The additional mismatch and specificity is shown below: 
primer 1847. C/T mismatch at -3, no improvement of specificity; 
primer 1841 , C/T at -3. G/T at -2. slight improvement of specificity; 
primer 1842. C/T at -3, C/T at -2. specific; significantly reduced yield; 
primer 1843, C/A at -3, C/T at -2, specific; slightly reduced yield 

Of the four addtional primers 1843 was selected as the preferred candidate for a single mutation ARMS 

test. 

8) N1303K 

The cause of this mutation is a C>G change at bp 4041 in exon 21 of the CF gene. The initial attempt to 
develop an ARMS test for this mutation was not successful. The primers which were designed for this test (1 852, 
1851 and 1850 - see Table 1) were specific for the mutation but the product yield was very low and the ARMS 
products were barely visible. The extra mismatch introduced into the ARMS primers 1 852 and 1 851 was a C/T 
at the penultimate base. The sequence around the N1303K mutation has a low G+C content (2/10) and it 
seemed likely that this coupled with the mismatch may have prevented efficient annealing of the ARMS primers 
This problem was tackled in two ways. In the first approach the severity of the mismatch was reduced such 
that in the ARMS primer pair 1870/1871 a weak G/T additional mismatch was included and in the primer pair 
1873/1872 no additional mismatch was included. A second approach was to switch the direction of the ARMS 
reaction such that the ARMS primer now annealed to the opposite side of the N1 303K mutation. The G+C con- 
tent at this side was 6/10 and an additional C/T mismatch was included at the penultimate base. 

Both of these approaches were shown to work. Using the first method the primer pair without additional 
mismatches gave the desired specificity and improved product yield and the second method was also success- 
ful giving higher product yields and maintaining specificity. 

9) 621 +1 G>T 

This mutation is a change to the first base in intron 4 of the CF gene and probably interferes with splicing 
(B. Kerem et aj, Proc. Natl. Acad. Sci. USA. 1990, 87, 8447). ARMS primers for this mutation (1931, 1933 and 
1934 - see Table 1) were designed to give an additional C/T mismatch at the penultimate base. When these 
primers were tested with DNA from normal individuals and 621+1 heterozygotes the desired specificity and pro- 
duct yields were obtained. 

Example 2 

Multiplex ARMS Analysis of several CF mutations 

To improve the usefulness of the CF ARMS tests and to reduce the time and effort involved in the analysis 
of several CF mutations we wished to combine several ARMS reactions to produce a multiplex ARMS analysis 
The initial attempt, described below, involved F508 and R560T. Following on from, this four ARMS tests were 
selected to be multiplexed together; these were F508. R117H, G551D and N1303K. During the development 
of the single ARMS tests the size of the ARMS products had been adjusted to ensure that these four mutations 
would be distinguishable upon analysis. A stepwise approach to the developmentof this multiplex was adopted 
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which is outlined below. Earlier data from the development of single ARMS tests suggested that the incorpor- 
ation of a second PCR reaction in the ARMS test ie the a1 AT internal control, could affect the specificity and 
yield of ARMS product It seemed possible therefore that the optimum primer sequence for a single ARMS test 
may not function well in a multiplex analysis. 

1) F508 and R560T 



The primers which had previously been shown to work well in the single ARMS tests were combined to 
give a double test (primers 1710, 171 1, 1712. 1747, 1749 and 1748). The concentrations of the individual prim- 
ers were not altered and all other reaction conditions were kept the same. The results of a typical analysis are 
shown in Figure 5. It can be seen that the test was able to distinguish both F508 and R560T individuals from 
normals. There was no interaction between the ARMS primers to produce non-specific products and further 
optimisation was not required. 

2)F508 and R117H 



As in the above example, when the primers developed for the single ARMS tests were combined without 
altering their concentrations or reaction conditions the resulting double ARMS test functioned correctly as 
judged by correct diagnosis of normal and mutant individuals. 

3) F508 and G551D 

In the previous section there were several attempts to obtain a functional G551 D single test. When the prim- 
ers developed in this test (1822-M, 1843-N and 1821-C) were combined with the F508 primers and used in 
ARMS reactions, there was a significant reduction in the level of G551 D norma! product observed although the 
yield of mutant product appeared unchanged. Correct diagnosis was possible using this combination of primers 

4) F508, G551D and R117H 



Following on from the previous examples the three primer sets for the single F508, R11 7H and G551 D tests 
were combined to form a multiplex. When this ARMS reaction was tested using DNA from normal and mutant 
individuals a problem was observed in that the G551D normal product was not detectable. Two approaches 
were taken to solve this problem. In the first the concentration of G551D normal primer (1843) was increased 
2 fold or 4 fold - this was partially successful in that the G551D normal product was now visible but the intensity 
was still reduced relative to other bands. The second approach involved the use of an alternative normal ARMS 
primer. In the development of the single ARMS test the original normal primer (1821) gave a strong signal on 
normal DNA but suffered from the problem of non-specific binding in that a faint product band was seen with 
an individual homozygous for the G551D mutation. This normal primer was tested in the multiplex reaction in 
place of the 1843 normal primer. The results indicated that the 1821 primer, which was not suitable for a single 
ARMS test, was ideal for this multiplex. The yield of the normal product was not reduced and the prblem of 
non-specific binding was not observed in the multiplex reaction. We therefore believe that there is some interac- 
tion between primer sets in the ARMS multiplex and this should be taken into account when developing these 
methods. 



5) F508, G551D, R117H and N1303K 



As described in the previous section there were two functional primer sets for N 1 303K. One of these (1 872, 
1874 and 1 873) was initially selected and as the N1303K product had been rather faint in the single test it was 
included here at double concentration (2nM). The results, shown in Figure 6 t indicate that this multiplex reaction 
works satisfactorily. To improve the reliability of the test two changes were introduced: the N1 303K primer set 
was changed to the alternative set described in the previous section (1868, 1869 and 1867), this had the effect 
of increasing the intensity of the N1303K product without the need for increased primer concentration. The sec- 
ond change involved the format of the test: rather than combine all the norma! primers in one ARMS reaction 
and all the mutant primers in a second it is possible to combine the normal and mutant primers (from different 
primer sets) in the same reaction. The advantage of this approach is that it is no longer necessary to include 
an interna! control to ensure that the PCR reaction has functioned correctly. Both of these changes were incor- 
porated in the multiplex reaction and an example of a typical analysis is shown in Figure 7. 
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Example 3 

Overlapping ARMS (overARMS) 

5 wh Jhlr! Pr T foUS e ?7' e V3lUe ° f 3 mU ' tiplex ARMS techni « ue was demonstrated using four mutations 
ZTuUtellT '? 9 k n ° miC ° NA - the ana ' ySiS ° f 96n0mic DNA the situati °" -n aL occur Se 
f bZl /r P f Vant39 r US * be ab ' e t0 detect c,ose, y linked Allans. A good example of this is inX^c 
o«™ ( J- 9ene Where there is a clusler of ^Portant mutations in exon 11 (G542X G551 D R553X^„h 

»l Jlta^Mfn- 1 Si " 9le ^1 MS tCStS W6re described for 311 four of t^se mutations. It was initially believed that 
Simultaneous d,agnos,s of these closely linked mutations in a multiplex ARMS reaction would not be suLes^ 
not east due to interference between homologous amotion products. As ^one^Z^Z^Z pZ 
sent mvent.on ,s based on the discovery that mulitplex ARMS may be successfuly performed wherrd!agnosfe 
15 pnmer extens.on products of more than one diagnostic portion of the target base sequence 

pCaRMS OverARMS) 8 UneXPeCted im P rovement to ™"»P»* ARMS is conveniently referred to as overlap 

•r«Jft.SS!J22S!.h M - s analy , s t s are 9iven below - The first is 3 pre,iminary attem p< 

,„ ST- fe f? ,b,llty ofthe technique and the second combines overARMS methodology with standard multiplex 
20 techniques to produce a robust and reliable test for four of the most common CF mutations 
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1) G542X, R553X and R560T 

armV^ ^ I 6 "' 0 " SinQle t6StS W6re deve, °P ed f or these mutations. The three pairs of normal and mutant 
ARMS pnmers from these single tests (1830, 1831, 1853. 1854, 1747 and 1749) were combined S one o 
the common pnmers (1 748). The latter was included at a concentration of 3.O.M. ARMS tests ust^i^ corrl 
bmauon were performed on DNA samples from normal individuals and from individuals carrying combination^ 

ARMS e/eZ " A "? 9en ° tyPeS ° f the Samp,es teS,ed and of the results obta^d using Se over! 
ARMS reaction .s g.ven ,n Table 2. It can be seen that in the diagnosis of R560T and G542X the analysis was 

Z^^^^ZT a ' W f yS : iSib ' e - 3 Separate exp ~< involvi "9 **3X in a standard mul- 
tip ex reaction the normal band was also barely visible and it seems likely that by redesigning the normal orimer 

%ZZT7 ? C ° nCentration that this P~"«n could be overcome. NoL.hstanding this p'robtemTe expe" 
-ment clearly demonstrated the feasibility of the overARMS technique. em. me exper 

2) F508, G542X, G551D and 621+1G>T 

t„ ai I he ?h f ° U ;° fthe most cornmon CF stations and a simultaneous test would clearly be a valuable tool 
« such C e osis 9n0SIS ° f ° F C3n,er StalUS " ° V6rARMS SyStem * the present inventio " ~w facnttos 

G5 5 l i n D^t e ■ rirT !foMo entified 38 SUitab ' e f0r G542X and 621+1£ 3>T in single ARMS tests and F508 and 
G551D m multiplex ARMS tests were combined into a single ARMS test. The format of the test was such ttiat 

oan of th! ^u.tin° ? ! 0, L tained the femainin9 Primers - The si "9' e common P*™* to- the overARMS 

cessS. sLTTZ 3S,'? Ud !f * dOUb ' e COncentration - The f " s < att -Pt "*» ^is combination was sue 
cessful although the y.eld of products was not equal thus making interpretation more difficult 
The specific problems and modifications to rectify them are listed below - 

tiplex The1?ncl^^t and mUtam 621 +1 G>T higher than the other P^docts of the mul- 

npiex. i ne concentration of this primer set was reduced to 0 5u.M 

nouJc^dthe?^ T in,6nSe tha " G542X n0rma ' Pr ° duct This effect was ™ re P r °- 

Tor^ZnT/ 621+1G>T lnd,v,dual was tested - Reducing the 621-1 primer concentration leads to some 

oToduct but 1 1r V M G f 10 n0rma ' Pfimer W3S tested18 2-<- ^is primer increased the yie.d of GSsTd 

G551 D no!,? n I ' ° f G542X ba " d - The SO ' ution adopted was to doub,e concentration of the 
IP n0nT,al pr,mer - the concentration of the common primer was not altered 

n,J n 7 y,eld ^ G ^ 2X mUt3nt Pr ° dUCt WaS ' OW - The mutant ARMS P fimer w ^s redesigned to reduce the dis- 
desSlT V additi ° nal m!SmatCh 31 PenU ' timate baSe 3nd ,he reSulU "9 P™ -l^ gav: t 
The yield of F508 mutant product was slightly low. The concentration of primer was doubled to overcome 
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this. 

The complete set of primers used in this overARMS multiplex are summarised in Table 3. A typical result 
using the test is shown in Figure 8. It can be clearly seen that the overARMS technique performs well and is 
suited for a variety of analytical purposes such as the diagnosis of inherited or acquired genetic disease. 

Example 4 

Further development of overARMS. 

(a) The standard overARMS mix described in the previous Example comprises ARMS primers specific for 
the detection of the following commom mutations of the CF chromosome - Del F 508, 621+1 G>T. G551D 
and G542X. Individuals carrying all possible combinations of G542X and G551D were tested with the stan- 
dard mix as described. Individuals affected with the following combinations of mutations were successfully 
identrfied:- 

(i) G542X normal, G551D normal 

(ii) G542X normal, G551D heterozygous mutant 
(Hi) G542X normal, G551D homozygous mutant 

(iv) G551D normal, G542X heterozygous mutant 

(v) G551D heterozygous mutant, G542X heterozygous mutant 

(vi) G551D normal, G542X homozygous mutant 

(b) The overARMS detection method has been tested as part of the standard mix with DNA isolated from 
a variety of sources of tissue using two types of DNA preparation method. DNA has typically been isolated 
from white blood cells using the method of Kunkel et al, Proc. Natl. Acad. Sci. USA, 1977, 74, 1245-49. 
Alternatively, DNA can be fractionated from the white cells purified from 200ul of blood by boiling dilute 
sodium hydroxide as described in the Materials and Methods section. DNA has also been isolated from 
buccal epithelial cells purified from either mouth swab or mouth rinse samples using an adaptation of this 
method. The overARMS method has been demonstrated to work effectively when genomic DNA is prep- 
ared using any of the preparation methods described above. 

(c) The effect of changing the amount of Taq polymerase in the overARMS reactions: 

Typically, 1 unit of Taq polymerase is used in each individual standard overARMS reaction. The 
effect of increasing and decreasing the amount of enzyme has been determined. The standard mix was 
tested with 0.1U, 0.5U, 1.0U and 2U of Taq polymerase (Cetus-Amplitaq) under otherwise identical reaction 
conditions. A panel of six human genomic DNAs carrying various combinations of CF mutations was prep- 
ared from white blood cells using the proteinase K method described above. These DNAs were used as 
substrates for the overARMS PCR to determine if the correct diagnoses were identified. The genotypes of 
the substrate DNAs used were as follows: normal, dell. G542X/F508. G551D/F508, 621+1 G>T, homozyg- 
ous G551 D. When 0.1 U of Taq polymerase was used per reaction tube, no PCR products could be detected 
by ethidium bromide staining of the electrophoresed reactions after 35 cycles of denaturation, annealing 
and extension as already described. When the other enzyme amounts were used, the diagnoses of the 
panel of six genomic DNAs were always determined correctly. The intensity of all PCR product bands 
stained by ethidium bromide was increased when greater amounts of enzyme were added to the reactions. 
Further, the relative intensities of the bands representing normal alleles at the sites of possible exon 11 
mutations (ie G551 D and G542X) could be affected by the amount of enzyme used. At 0.5U of Taq polymer- 
ase, the shorter product which represents a normal G542 allele is of greater intensity than the normal G551 
allele in individuals unaffected by either of these exon 1 1 mutations. When 1 ,0U of Taq polymerase is used 
the bands detected are of equivalent intensity whereas an increase in enzyme amount to the 2U levels 
renders the longer product containing the normal G551 allele more intense in relation to the normal G542 
allele. 

(d) The effect of DNA quantity on overARMs PCR fidelity 

The panel of 6 human genomic DNAs described in (c) above were used in standard mix overARMS PCR 
reactions to determine the effect of variation in the quantity of DNA on overARMS diagnosis. 2.5ng, 25ng 
and 250ng of DNA were evaluated. In all cases, the genotype of the substrate DNA was determined cor- 
rectly. The DNA quantity was observed to have no effect on the relative intensities of the PCR products 
formed in the exon 11 region. Increasing the ammount of DNA used caused a general increase in the in- 
tensity of overARMS PCR products. When 250ng of DNA is used, a faint background smear is also present 
in the electrophoresis tracks. 
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Example 5 

Additional single ARMS tests 
1) 1717-1 G>A 



nn m Ii S mUtatl0n ' s 3 G>A ^stitution at the acceptor splice of intron 1 0 of the CF gene. Three sets of ARMS 

Torf 7 r^^ ntheSiSed WhiCh the addtional 3 ' mis " matah w *s varied to evaluate the effect of G^20^S 
and 2070), G/G (2067 and 2069) and G/A (2066 and 2068) mis-matches at position 

^ZT^rn e Z US6d COmbination with common primer 1823 to form a 220bp product The Si 

Lett wT ^ Pr ° n0unced with tne GAT mis-match. The G/A mis/matched mutant ARmTZ^^ 
specrfic When control primers 677 and 678 were included in the ARMS reactions it was foXoTat KTSS 
mutant ARM. primers became specific. The G/A mis-matched primer retained •pS^ISSSSiS! 
amounts of mutant ARMS product. An ARMS test for 1717-1 G>A is illustrated in Figure 11 ' 



2) W1282X 



The W1282X mutations is a G>A substitution at bp 1282 in exon 20 of the CF oen P arm* ™ 

either A/C (2010 and 2011), A/G (2013 and 2012) or A/A (2155 and 

base were tested for mutant specificity. Mutant ARMS primers generating a G/A mis-mafch yTeWe aTutnt 
specific product of 177 bp whilst the A/A and C-A mis-matched primers were non-spTcfi ^general ^ands 

1713/4 control react.ons 2155 and 2109 primers were specific. 2012 failed to amplify mutant rXou£ 
he ormal react.on was unaffected) and 2011 remained non-specific. An ARMS tLlXSSiSSSSi 



in Fig. 11 
3) G85E 



The G85E mutations is the result of a G>A transition at nucleotide 386 in exon 3 of the CF aene ARM* 

reTse" in oml 3 " f^T C - Tm *™™ < 2248 - 22 < 7 > additiona, ^L2££5£££5 
were used in comb.nat IO n with common primer 2246 to form a 140 bp product. ' 

In single ARMS reactions, neither mutant primer 2250 nor 2247 were specific for the G85E mutation Wh»„ 
con*o. primers 1 713 and 1714 were included in the ARMS reactions at a eor^n^^SfSL^T 



Example 6 

Modifications to the Standard ARMS Test 



D rom D nt a H 9 a e f erated C ° UrSe ° f in " house validation <21 6+ samples) and clinical trial (500+ samples) studies 
prompted a few m.nor changes to the Standard ARMS Test described in Table 3 sar "P'«) stud.es 

(i) 621+1 Mutant ARMS Primer (B-Mix) 

Follow-up studies to investigate a single discordant result reported by Guy's Hospital. London lead to the 

tTZZTs: °\tv: 3 ^ >G - ,,transpired that,he 621+3 «* b.«££E£E; 

otbfde e«edTn ^ 821+3 * bdieVed *> be beni 9 n and *«i 

mutant pnmlr^^^^ 

TZsZZTb^Z* ™X Wh ' Ch det6Cted ° n,yf0rthe 621+1 mUtati ° n - Primer2072 was 

(ii) G542X Mutant Primer (A-Mix) 

TmIbTV™" 5 f ° r the G542X mutation could be detected usin 9 *e Standard ARMS Test the yield 

Tom ln ^ ^ Pnmer containin 9 no additional mis-match at the 3' end was evaluated. Primer 

for GM2X Trnf^ C ° nS,S f t, y " roduced a yield of mutant product (whilst Ml retaining spedS* 
primeM ^g ^'"^ cons ^ was ««« into the Standard ARMS Test in place of 

(iii) Elimination of Primer-dimer (A- and B-Mixes) 
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Primer-dimer bands (assumed to result from 3' homology between 2 or more component primers) were 
frequently observed throughout the development of the Standard ARMS multiplex. Whilst the presence of 
these primer-dimer bands did not necessarily affect the final diagnosis they did present a potential problem 
in that the available amount of particular ARMS primers would be variable from reaction to reaction. Con- 
seqently, certain component ARMS reactions would not be optimal and the yield of ARMS product com- 
promised. Each of the A- and B-Mix ARMS primers were analysed fro complementary at their 3' ends and 
strong homology between the 621+1-C and DF508-C primers was identified. A new 621+1-C primer, 2073, 
which was no longer complementary to DF508 common primer 1712 was substituted into the Standard A 
and B mixes. This single change prevented the formation of primer-dime rs and resulted in overall increased 
yields of ARMS products. 

The revised Standard ARMS Multiplex is summarised in Table 5 and an example of ARMS analyses using 
this test are shown in Figure 12. 

^ To investigate the response of the modified standard test to changes in reaction conditions, the denatu- 
ration, annealing and extension temperatures were altered. 

Denaturation Temperature (94°C) 

Limits 84°C > (94°C), 96°C 

At 84°C denaturation, diagnoses are correct and of reasonable intensity, however below this temperature 
621+1 normal and mutant product bands are faint. 

At 96°C denaturation, diagnoses are correct however all product bands are faint. Above this temperature 
no product bands are formed. 

Annealing Temperature (60°C) 

Limits S6°C > (60°C), 62 Q C 

At ann eaNng, diagnoses are correct and of reasonable intensity although primer dimers are beginning 
to form. Below this temperature non specific products are formed both larger thatn 621+1 and smaller than F508. 

At 62°C annealing, diagnoses are correct however the intensity of G551 D normal product band is slightly 
reduced. Above this temperature G551D normal, F508 normal and F508 mutant product bands are faint. 

Extension Temperature (72°C) 
Limits 62°C > (72°C), 76°C 

At 62°C extension, diagnoses are correct and intensity is reasonable Lower temperatures have not been 
investigated in this study. 

At 76°C extension, diagnoses are correct however overall intensity of products is low especially 621 + 1 
normal and mutant products. Above this temperature results are too faint to interpret 

Effect of alterint all segment temperatures simultaneously 

Raising denaturation, annealing and extension temperature by 2°C (i.e to 96°C, 62°C, 74°C) results in low 
intensity of product diagnoses are not possible. 

Lowering denaturation, annealing and extension temperature by 2 6 C (i.e. to 92°C, 58°C, 70°C) has no effect 
on diagnoses or intensity of product bands. 

Lowering denaturation, annealing and extension temperature by 4°C (i.e. to 90°C, 56°C, 68°C) results in 
the formation of non-specific large product bands. 

It can be seen from these data that the test functions within wide temperature windows. The level of day 
to day variation of the thermal cycling devices used in these experiments falls within the acceptable temperature 
limits. 

Example 7 

Further Development of the Standard ARMS Test to Include the Detection of R553X and W128X 
Mutations - The Standard+ Test 
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A) R553X 



*£JX^J£JZZ£™ the simultaneous detection of the close,y linked mutations 

m.^n'^ 1 ^ Ca -f ^ R553X mUta,i0n • a,S ° ' OCated 6XOn 1 1 and doselv linked to the G551D and G542X 

SSST-JSSSZl^ . ected individuals - As such - a method which wou,d a »- the 

Detection of all 3 mutations would prove valuable in determining CF carrier status 

^ The Sl mu.taneous detection of both G551D and R553X mutations presents two additional technical prob- 

(i) direct competition of the G551D and R553X primers for target genomic DNA. (The G551D and R553X 

whtT ar ? eparated by 0n, y 5 nucleotid - ^erefore the ARMS primers themselves overlap -I pS 
which was not encountered in the case of the G542X/G551 D overARMS) 

Saga^seger mUta " 1 P ° R W ° U ' d be dmcult l ° diStin9uish b * -» difference using 

fconlent'ion^ARMT ^ ° VerC ° me by emP '° ying 3 n el ° nga,ed R553X ™ tant ARM S primer 60 bp in length 
SS^^a^rT! 20 " 3 ° bP) th6reby Creati " 9 3 39 bp Si2e difference betwee " the expected 
Sieve gl ' ^ ^ ^ ARMS Pr ° dUCtS COU,d be c,eariv distinguished using a 3% 

Initially a 60 bp mutant ARMS primer (21 34) containing an additional G-G destabilising mismatch at the 

t^^^sssrr a r i i homoio9ous to taraet dna sequence - was ^^ssisa 

DNA teaence The 621+1 n , ^ W3S deteC,ed and the ARMS primer was s P ecific only mutant 
So 'of the R5 5 S D S ^rin 508 n0rma ' and G542X mutant ARMS products -ere unaffected by inclu- 
sion of the R553X primer but G551D mutant product was no longer visible. It appeared that the R553X mutant 

lw the G55^D m InT' * TJ' deSlabilisation ° f the R553X mutant primer at the 3' end (which would 
allow the G551D mutant pr.mer to b.nd target DNA also) was likely to compromise the yield of R553X mutant 
product Ukew.se. reducing the severity of the G551 D mutant pnmeLs-maL was ^CSS 

at the oSTsSCE S T^l 2 ' 50> WWCh W3S n ° ,0n9er C ° mp,etely ^ogous to target DNA 

iZ^^S^J^T 1 °. 9y) ^ ^ ° theW ° Se id6ntiCal 10 the ° ri9ina ' 21 34 primer at the 
SomrZo, i s • ? P homolo 3y> was als0 evaluated. When the 2150 R553X mutant ARMS primer (non- 

£Z 2 I ° ' nC,Uded thC Standard " A " reaCti0n mix both R553X and G551D mutant products were 
detected i.e. the mcreased 5' destabi.isation of the R553X mutant primer enabted the G551D mutant pn^to 
compete for target DNA. Again the 821*1. DF508 and G542X product bands were unaffected ' 

R553X mufn h 553>< mUtati ° n C ° U,d be eaS " y det6Cted USi " 9 the method describ * d above, the yield of 
R553X mutant product was generally lower than that observed for the other A-mix PCR products In order to 
incease the amount of R553X product, several approaches were evaluated:- 
(0 increasing R553X mutant primer concentration 

(ii) reducing mis-match severity at -2 position 

(iii) adding a secondary 'TAG' primer specific for the non homologous 5' tail of the R553X mutant primer 
<rv) incorporating a single mis-match at the -3 position of the R553X mutant primer 

The first two approaches were unsuccessful. A 4-fold increase in the concentration of primer 2150 had onlv 
IThr 6 ?H Ct ° n Pr0dUCt yield Mu,3nt Primer 2227 < G " T mis " matah at - 2 Potion) was found to Z n^e 
Z ^addZJ h 3 a Tr h T (G_G miS - matCh) and r6SU,ted in 3 reduCed V-'^rnutant product 

^Siu^e^«r™ ,rt) 9ave increased amounts of product but was n ° ,on9er specifi ° * r 

ousfo^eT^^^ 

bined o^ the ARMS I^T, , h ™ * to 9 ethe ' with «» 2150 primer itseff The cbm- 

resuLd in a vTs^. specrfi f tailed pnmer and the corresponding TAG primer (both at 1uM concentration) 
nrimlrilT TTt'" thC amount of R553Xmutant product formed. Increasing the TAG : tafled ARMS 
SS^SSTS °I Urthe ;. inWeaSe ,he Product * ie,d - Th * OP*"- -suit was achieved when ARMS primer 

wli . ? , ° t,0n m ' X 31 and the corresponding TAG primer 21 73 at 3t»M. 

"J T ! * demonstrated ^ the TAG/tailed ARMS primer system was generally effective in 

^ste^ 

5!?^ ? y WaS consistenl| y hi 9"- tail ^ ARMS primers containing either an A-A or 

C-A mis-match at the -3 position (2226 and 2225) respectively were evaluated. In the first Stance the TAG 

ITband in?" 'T ^ ^ 5e ^ d * elds of R553X ^n" P^ct ^nd 

the band mtens.ty was simHar to that observed for the other A-mix ARMS products. There was little improvement 
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when TAG 2173 was also included in the reaction mix and in the case of primer 2225 the addition of TAG primer 
comprised specificity. 

The final concentration of the exon 11 common primer 1823 was unchanged (2jiM). 

G551D-N as a Control for R553X Homozygotes 

A compound heteroxzygote individual for both G551D and R553X mutations was diagnosed as a G551D 

IZnZ TH S,nS ' h ? Standard ARMS t6St - (The 6551 ° n0fmal ARMS Primer did not re <=°gnise R553X mutant 
«1 r/nw I resu,,cou,d be Predicted since the G551D normal primer already contained 2 mis-matches at 

» ?k * 1°" S tar96t Sequence and a 9 ainst R553X muta ™ sequence a third mis-match would 

oe created at tne -6 position. 

r J?*** Sta ? d Ao» t6St thiS individual was corTect| y diagnosed as G551 D/R553X. however the corresponding 
f„r!Z M ? Pr ° dUCt (B - MiX> W3S n0t ° bserved - T "e disappearance of G551D normal product there- 

fore acts as a control for R553X mutant sequence, in particular R553X homozygosity. An R553X homozygote 

W^fs^Dm^Z an rt yS l S tUt We Pr6diCt that ,hiS WOU ' d ev ° ke a similar situation to that °f served 

^rdf B -MU ,nd,v,dljals - Th,s flndin 9 eliminates the need for a normal R553X control reaction in the Stan- 

B) W1282X 

viouIl^SampleT)! 11 * * ^ ^ *" deteCti ° n ° f ^ W1282X mUtati ° n haS bee " described P«»- 

indu?/d2 X M A S "^P'exed into the Standard- test such that the mutant reaction was 

(i) Optimisation of the W1282X Mutant Reaction (A-Mix) 

Hnf«! ARM ,? P » me[ ! 201 1 (C " A mis " matcn >' 2012 < G - A > and 2 ™9 (A-A) were initially evaluated at a con- 
centrate ofluM in the Standard- A-Mix. All 3 primers were used in conjunction with common primer 2174 
to form a 202 bp product. 

Primer 201 1 (C-A) was not specific and mutant product was observed in normal individuals. The specificity 
was not improved by reducing the ARMS primer concentration to 0.5nM. In contrast, primer 2012 (G-A) 
was too destabilising and mutant product was not visible in W1282X control samples 
Primer 2109 (A-A) was specific for W1282X mutant sequence and produced the desired yield of mutant 
product without adversely affecting the other standard* A-Mix ARMS products 

(ii) Optimisation of the W1 282X Normal Reaction (B-Mix) 

In the first instance, normal and ARMS primers 2010 (C-A mis-match), 2013 (G-A) and 2155 (A-A) were 
evaluated in the Standard- B-Mix at a concentration of VM. All three primers generated copious amounts 
? "°. ^fi P and comprised tne G551 D normal and G542X normal reactions to such an extent that 
the ARMS products, G551 D in particular, could barely be detected. The problem was less pronounced with 
primer 2013 and by reducing the concentration of this primer together with common primer 2174 to 0 125 
uM it was possible to detect all other B-Mix ARMS products. 

Diagnosis of G542X Homozvo otes by Inclusion of the W1282X ARMS Reaction in the Standard- Test 

o t fa l n I "°"; specific band was routinely observed when G542X homozygous DNA was analysed using the 
standard ARMS test This observation was probably as a result of G542X normal primer priming G551 D normal 
^3 resenl in ab "ndance). The introduction of a second competing ARMS reaction in the Standard- B-Mix 
(W1282X normal ARMS reaction) had the desired effect of preventing or at least minimising this non-specific 
priming and hence G542X homozygote individuals could be correctly and unequivocably diagnosed. 

C) R1283M 

hqoh 1 ? 6 R1283M mutation is a G to T substitution at position 3980 in exon 20 of the CF gene (Cheadle et al 

1391) and can be detected using W1282X mutant ARMS primer 2109 (A-A mis-match) ' 

* ^ W !of!T e ^ lhC deteclion of R1283M b y P"' mer 21 09 is an example of where annealing at the 3' end 
of the ARMS primer occurs due to a loop-out elsewhere in its target/primer interaction. The inclusion of an A 
at -2 of the W1282X primer encourages the annealing of the 3' end with DNA carrying the R1283M sequence 
That this annealing does indeed occur is demonstrated by the presence of a Fold site in the R1283M ARMS 
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product. This restriction site would not be found if looping out of the primer had not occurred 

sho Jn m^e iT ^ "* SUmmarised in Table 6 and e * am P'** of" ARMS analyses 

5 Example 8 

Development of the extended ARMS test 

E * tended mix initial| y consisted of four ARMS reactions multiplexed together, these were- 
10 N1303K.R560T,R117Hand1717-1G>A 

reaction™^ t6St n0rmal and mutant P rimers from different P ri ™r sets were combined in the same 

. h Th< ! P T.ZV n ~ Ud8d in the A tUbe Were; N1303K common 1874 and normal W*- R560T common 1748 
and mutant 1749. R117H common 1753 and normal 1838 and 1717-1G>A common 1748 and muZt 2069 

The pnmers included in the B tube were; N1303K common 1874 and mutant 1873. R560T common 1748 
and normal 1747, R117H common 1753 and mutant 1832 and 1717-1G>A common 1748 and norrna I 2067 
The product s.zes of these ARMS reactions were; N1303K - 342bp. R560T-316bp, R117H -237bo and 1717 
anoverARMS ^T* ^ ^ *"* ™™ G>A are ampMfied usin 9 the same common primer. C1753. in 



is 



20 



25 



30 



35 



R117H 



piZ! V 3nd M1832 W6re induded as part of the ^tiplex. When tested using DNA from 

an R117H heterozygote the mutant product was absent suggesting that the C-C mismatch (mm) was too des- 
taging. Pnmers N1834 and M1837 were substituted. The mutant product was still absent suggesting Zt 

1 I T ^ t0 ° S6Vere - PfimerS N1836 and M1835 with a C " A mm were th «" These primeS 
worked well in the multiplex and gave correct diagnoses. P 



1717-1G>A and R560T 



«» J , r? fS y US6d f ° r 171 7 - 1G>A Were G174S - N2067 and M2069 - The Productyield and specificity 
were sat,s ac tory although the product size was too large in comparison to the other multiplex products The 
pnmers m.tially used for R560T were C1 748. N1749 and M1747. The product was too faint suggesting that the 
A-G mm was too severe when used in an overARMS reaction with 1717-1G>A. Primers N2039 and M2040 

*r,hl? IT W6re tri6d - ThS PrOdU0t band intensity was improved a,thou 9 h sti » faint compared to 
rlfT h MS Pr ° dUC ' 1717 " 1G>A - The com ™ n Primer for R560T and 1717-1G>A was changed to 

?S h ' Pr ° dUCtS ° f 2?8bp and 180bp for R560T and 1 7 1 7 -1G>A respectively. Using the new 

2222 band, intensities of R560T and 1 717-1G>A were satisfactory. 



N1303K 



fa -n» ' N1872 a " d M1873 Were initially Wed in the m "'«Plex. The resultant 343bp product was 

mutatln 6 ThTrlr 6 ' 6 fT* f° ^ ARMS Pr ' merS "° W an " ealed to the °PP° site side °' the "1303K 
the T n <;J*l?t C °?r W3S h ' 9her tha " the previOUS primers and an additional C - T ™ was included at 
the penultimate base. These pnmers were C1867. N1868 and M1869. No improvment in band intensity was 

DI507/DF508 

At this point DI507/DF508 primers C1876. N1878 and M1877 were added to the multiplex 
^J^tf^T^T 9aVC Satisfactor y P roducts althou 9h the N1 303K product became fainter possibly due to the 
add.hona. ARMS reaction in each tube. At this stage the extended mix consisted of the following primers. 

The pnmers included in the A tube were: 
N1303K common 1867 and normal 1868, 
R560T common 2222 and mutant 2039. 
R1 1 1 7H common 1 753 and normal 1 836 t 
1717-1 G>A common 2222 and mutant 2069 
and DI507/DF508 common 1876 and normal 1878. 
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The primers included in the B tube were: 
N1 303K common 1 867 and mutant 1 869, 
R560T common 2222 and normal 2040, 
R117H common 1753 and mutant 1835, 
1717-1G>A common 2222 and normal 2067 
and DI507/DF508 common 1876 and mutant 1877. 

The product sizes of these ARMS reactions were: 
N1303K - 328bp, R560T - 278bp - 171701G>A - 180bp and DI507/DF508 - 146bp. 

Enzyme and nucleotide concentrations were doubled to try to increase the amount of N1 303K product but 
no improvement was seen. 

New N1303K common primers C2240 and C2241 were synthesized to give smaller products of 118bp and 
123bp respectively, in an attempt to improve band intensity. The resultant product band intensities showed a 
slight improvement. The concentration of N1303K primers was then doubled, band intensity did not alter sig- 
nificantly. 



Tailed Amplification Primers (TAPs) 

Primers with non-homologous GC rich tails were synthesized in an attempt to increase the stability of primer 
template interaction. These were C2259, N2257 and M2259. The effect of adding a GC rich TAG sequence 
(2212) homologous to the tail sequence was also teste. 

The addition of GC rich tails resulted in enhanced N1303K product but addition of the TAG primer gave 
no additional imporvement. The resultant product from the tailed primers was however too large in comparison 
to other PCR products. A new tailed common primer C2283 was synthesized giving a 1 10bp product. To deter- 
mine whether the enhanced yield of product using primer 2283 was due to the GC rich tail sequence, a second 
common primer of the same length and with the same 3' end but completely homologous to genomic DNA sequ- 
ence was synthesised (2292). This primer also gave enhanced PCR product yield. 

To increase further the size differential between the N1 303K product and the F508 product a further tailed 
common primer (2298( which gave rise to a 90bp product and this primer was included in the final mix. 

The resultant format for the extended mix is described below. 

Primers in the A tube include: 
R560T common 2222 and normal 2040, 
R117H common 1753 and mutant 1835, 
1717-1G>A common 2222 and normal 2067, 
DI507/DF508 common 1 876 and mutant 1877 and 
N1303K common 2283 and normal 2257 

Primers in the B tube include: 
R560T common 2222 and mutant 2039, 
R117H common 1753 and normal 1836, 
1717-1G>A common 2222 and mutant 2069. 
DI507/DF508 common 1876 and normal 1878 and 
N1303 common 2298 and mutant 2258. 

The product sizes are: 

R560T-278bp, R117H-237bp, 1717-1G>A- 180bp, D1507/DF508 - 146bp and N1303K-90bp. 
All primers are present at a concentration of 1 u.M. 
An example of this multiplex is shown in Figure 14. 
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TABLE 1 ARMS Oligonucleotide Primers 



15 



20 



25 



30 



35 



40 



45 



F508/I507 



F508 



R560T 



R 1 17H 



G542X 



10 



R553X 



10 



1 1 



1 1 



1712 
1711 




L.. c " I' 

| n_ j 




17 10 


— 


i _ ~2lI.Zj 




1880 




r n i 




1879 




I M j 




1876 




L • 




1878 




n : 


„ 


1877 


— 


M 




1748 




C ; 




1 74 7 


— 


N ; 


G-A 


1749 




M | 


G-A 


1753 








1836 
1835 






; 


C-A 
C-A 


1834 






C-T 


1837 






C-T 


1838 




N | 


C-C 


1832 




M ' j 


C-C 


1823~ 


i 

.J 






1830 


j 

. .! 


.__.„*__ ]" 


G-A 


1831 


M | 


G-A 


1949 




M ] 


G-G 


1823 


. t 


. c" T ' 




1853 


N j 


G-A 


185* 


t 


M ! 


G-A 



"1 



50 



55 
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TABLE 1 (CONT'D) 



MUTATION j EXON 


PRIMER 


SPECIFICITY 


MIS-MATCH 


G551D 


11 


1623 


C 


* 


"■*"■ — — — ~— — 





1821 


N 


c-t ; 






1822 


M 


C-T i 






1841 


N 


G-T{-2).C-T(-3) 






1842 


N 


C-T(-2).C-T(-3) 






1843 


N 


C-T(-2).C-A(-3) j 






1847 


N 


C-T(-3) j 


N1303K 

1 


21 


1850 


C 
N 


i 

C-T 1 
C-T 






1852 
1851 






M 


1 




1874 


c 






1870 
1871 
1872 
1873 


. N ! 
w : 


G-T : 
G-T 






1867 j C j 




! 1868 | N 


C-T 
C-T 






1869 ! M j 

_ i i 


€21+1 


4 


1934 j C j 


: 




1933 


N C-T 

\ ! 


i 




1931 


M j C-T i 


i _ 


j 1713 


j ; 

j ! 


t 
I 


j 1714 


1 ; 



* AAT CONTROL PRIMER 1 
*♦ AAT CONTROL PRIMER 2 
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Table 1 CF ARMS PRTHER ■SFqiiFHrc* 



MUTATION 

F508 



F508/I507 



R560T 



PRIMER SEQUENCE (5*-> 3') 



R117H 



G542X 



R553X 



1712 

1711 

1710 

1880 

1879 

1876 

1878 

1877 

1748 

1747 

1749 

2222 

2040 

2039 

1753 

1836 

1835 

1834 

1837 

1838 

1832 

1823 

1830 

1831 

1948 

1949 

2086 

1853 

1854 

2189 

2134 

2150 

2225 

2226 

2180 

2227 

2228 

2172 

2175 

2176 



GACTTCACTTCTAATGATGATTATG6GAGA 
TATATTCATCATAGG AAACACCAAAGATGA 
TATATTCATCATAGGAAACACCAATGATAT 
GTATCTATATTCATCATAGGAAACACCACA 
GTATCTATATTCATCATAGGAAACACCATT 
GGGTAGTGTGAAGGGTTCATATGCATAATC 
GCCTGGCACCATTAAAGAAAATATCATCTT 
GCCTGGCACCATTAAAGAAAATATCATTGG 
AAAATTTCAGCAATGTTGTTTTTGACCAAC 

^JJSCTAGACCAATAATTAGTTATTCAAC 
GCTTGCTAGACCAATAATTAGTTATTCAAG 

GCATTTGAAATAATGGAGATGCAATG 

GCTTGCTAGACCAATAATTAGTTATTCATC 

GCTTGCTAGACCAATAATTAGTTATTCATG 

CACATATGGTATGACCCTCTAT'ATAAACTC 

CCTATGCCTAGATAAATCGCGATAGAAC 

CCTATGCCTAGATAAATCGCGATAGAAT 

CCTATGCCTAGATAAATCGCGATAGATC 

CCTATGCCTAGATAAATCGCGATAGATT 

CCTATGCCTAGATAAATCGCGATAGACC 

CCTATGCCTAGATAAATCGCGATAGACT 

TAAAATTTCAGCAATGTTGTTTTTGACC 

ACTCAGTGTGATTCCACCTTCTAC 

ACTCAGTGTGATTCCACCTTCTAA 

CACTCAGTGTGATTCCACCTTCTTA 

CACTCAGTGTGATTCCACCTTCTGA 

CACTCAGTGTGATTCCACCTTCTCA 

CACCTTGCTAAAGAAATTCTTGCTAG 

CACCTTGCTAAAGAAATTCTTGCTAA 

TATTCACCTTGCTAAAGAAATTCTTGCTGA 

CAGCAAATGCTTGCTAGACCAATAATTAGT 

TATTCACCTTGCTAAAGAAATTCTTGCTGA 

gactgactgactgactgactctgactgact 

TATTCACCTTGCTAAAGAAATTCTTGCTGA 

gactgactgactgactgactctgactqact 

TATTCACCTTGCTAAAGAAATTCTTGCCCA 

gactgactgactgactgactctgactqact 

TATTCACCTTGCTAAAGAAATTCTTGCACA 

^T^££ ca ^gtccggaCAGCTAGCAG 

TATTCACCTTGCTAAAGAAATTCTTGCTGA 

gactgactgactgactgactctgactgact 

TATTCACCTTGCTAAAGAAATTCTTGCTTA 

^?r^^H5 cg 9 ac 9 ccct 9actgact 

TATTCACCTTGCTAAAGAAATTCTTGCTGA 

gactgactgactgactgactctgactgact 

TATTCACCTTGCTAAAGAAATTCTTGCTGA 

^"^cgtccatggtccggaCAGCTAGCAG 

TATTCACCTTGCTAAAGAAATTCTTGCTGA 

^T^«^^iS 9tcc 99aCAGCTAGCAG 

TATTCACCTTGCTAAAGAAATTCTTGCTCG 



CODE 

DF-C 

DF-j-N 

DF-w-M 

DF/DI-C 

DF/DI-N 

DF/DI-b5-M 

RT-C 

RT-e-N 

RT-e-M 

RT-C2 " 

RT-v-N 

RT-v-M 

RH-C 

RH-d-N 

RH-d-M 

RH-s-N 

RH-s-M 

RH-h-N 

RH-h-M 

GX-C 

GX-e-N 

GX-e-M 

GX-v-M 

GX-q-M 

GX-M 

RX-e-N 

RX-e-M 

RX-q-M 

RX-q-M 

RX-q-M(T2) 

RX-f3-M(T2) 

RX-b3-M(T2) 

RX-q-M(Tl) 

RX-v-M(T2) 

RX-q-M(T3) 

RX-M(T2) 

RX-M(Tl) 

RX-N(Tl) 
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G551D 



10 N1303K 



1S 



20 



25 



30 621+1G>T 



35 



40 



45 



50 



55 



1717-1G>A 



W1282X 



G85E 



2177 tcatgcgtccatggtccggaCAGCTAGCAG 
TATTCACCTTGCTAAAGAAATTCTTGCTGG 

1821 GCTAAAGAAATTCTTGCTCGTTGCC 

1822 AGCTAAAGAAATTCTTGCTCGTTGCT 

1841 GCTAAAGAAATTCTTGCTCGTTTGC 

1842 GCTAAAGAAATTCTTGCTCGTTTCC 

1843 GCTAAAGAAATTCTTGCTCGTTACC 
1847 GCTAAAGAAATTCTTGCTCGTTTAC 

1850 GTTGGTATGAGTTACCCCTTTCAAAATC 
1852 TTTATTTTTTCTGGAACATTTAGAAAAACC 

1851 TTTATTTTTTCTGGAACATTTAGAAAAACG 
1874 CATGCACACAAAGTGTGTAGAATGATC 

1870 TTTATTTTTTCTGGAACATTTAGAAAAAGC 

1871 TTTATTTTTTCTGGAACATTTAGAAAAAGG 

1872 TTTATTTTTTCTGGAACATTTAGAAAAAAC 

1873 TTTATTTTTTCTGGAACATTTAGAAAAAAG 
1 86 7 CTC AATTTCTTTATTCTAAAGACATTGG 

1 868 GATCACTCCACTGTTCATAGGGATCCACG 

1 869 GATCACTCCACTGTTCATAGGGATCCACC 

2240 TAAAAAGTTATTTAAGTTATTCATACTTTCTTCTTG 

2241 GAGTTACCCCTTTCAAAATCATTTCAGTTAGCAG 
2259 gcgaccggtcgccggacgccTCATACTTTCTTCTT 

CTTTTCTTTTTTGCTATAGAA 

2283 gcgaccggtcgccggacgccTCTTCTTCTTTTCTT 
TTTTGCTATAGAAAG 

2257 gcgaccggtcgccggacgccGATCACTCCACTGTT 
CATAGGGATCCACG 

2258 gcgaccggtcgccggacgccGATCACTCCACTGTT 
CATAGGGATCCACC 

1 934 CACATATGGTATGACCCTCTATATAAACTC 

1 933 TGCCATGGGGCCTGTGCAAGGAAGTATTCC 

1931 TGCCATGGGGCCTGTGCAAGGAAGTATTCA 

2071 TGCCATGGGGCCTGTGCAAGGAAGTATTTA 

2072 TGCCATGGGGCCTGTGCAAGGAAGTATTGA 

2073 TCACATATGGTATGACCCTCTATATAAACT 

2065 GTCT TTCTCTGCAAACTTGGAGATGTTC 

2066 GTCTTTCTCTGCAAACTTGGAGATGTAC 

2067 GTCTTTCTCTGCAAACTTGGAGATGTGC 
2070 GTCTTTCTCTGCAAACTTGGAGATGTTT 
2069 GTCTTTCTCTGCAAACTTGGAGATGTGT 

2068 GTCTTTCTCTGCAAACTTGGAGATGTAT 
2038 AAAATTTCAGCAATGTTGTTTTTGACCAAC 

2010 CCTGTGGTATCACTCCAAAGGCTTTCCCC 

2011 CCTGTGGTATCACTCCAAAGGCTTTCCCT 

2012 CCTGTGGTATCACTCCAAAGGCTTTCCGT 

2013 CCTGTGGTATCACTCCAAAGGCTTTCCGC 
2155 CCTGTGGTATCACTCCAAAGGCTTTCCAC 
2109 CCTGTGGTATCACTCCAAAGGCTTTCCAT 

2014 CCCATCACTTTTACCTTATAGGTGGGCCTC 
2174 GTACCTATATGTCACAGAAGTGATCCCATC 
2248 CGGCGATGTTTTTTCTGGAGATTTATGTTCTATTG 
2247 CGGCGATGTTTTTTCTGGAGATTTATGTTCTATTA 
2251 CGGCGATGTTTTTTCTGGAGATTTATGTTCTATAG 
2250 CGGCGATGTTTTTTCTGGAGATTTATGTTCTATAA 



RX-L-N(Tl) 

GO-J-N 

GD-J-M 

GD-r2s3-N 

GD-j2s3-N 

GD-j2d3-N 

GD-S3-N 

NK-C 

NK-j-N 

NK-j-M 

NK-C2 

NK-r-N 

NK-r-M 

NK-N 

NK-M 

NK~-C 

NK~-j-N 

NK~- j-M 

NK~-C2 

NK-C3 

NK~-C3(T3) 
NK~-C4(T3) 



NK~-j-N(T3) 

NK~-j-M(T3) 
621-C 
621-j-N 
621-j-M 
621 -w-M 
621-r-M 
621-C2 
1717-v-N 
1717-e-N 
1717-q-N 
1717-v-M 
1717-q-M 
1717-e-M 
RT-C 
WX-f-N 
WX-f-M 
WX-k-M 
WX-k-N 
WX-b-N 
WX-b-M 
WX-C1 
WX-C2 
GE-s-N 
GE-S-M 
GE-d-N 
GE-d-M 
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fiflT 2246 ATTCACCAGATTTCGTAGTCTTTTCATAATC GE-C 

AAT f77 CCCACCTTCCCCTCTCTCCAGGCAAATGGG AAT1 

678 GGGCCTCAGTCCCAACATGGCTAAGAGGTG AAT2 

1713 TGTCCACGTGAGCCTTGCTCGAGGCCTGGG AAT3 

T . r 1714 GAGACTTGGTATTTTGTTCAATCATTAAG AAT4 

IAb 2164 tcatgcgtccatggtccgga ti 

2173 gactgactgactgactgactctgactgact T2 

2212 gcgaccggtcgccggacgcc T3 



Mis-match Codes 





TEMPLATE SEQUENCE 




A 


t 


G 


t " 


PRIMER 
SEQUENCE 


A 


B 


D 


E 




C 


F 


II 




J 


6 


K 




0 


R 


T 




S 


V 


u 



note on primer nomenclature 



t , . . A large number of oligonucleotide PCR primers (amplimers) were used in 
this study. Each primer has been given a three part code of the form XX-y-Z. Th 
first part refers to the CF mutation under study, for example R117H is 

iSKr a V t^ ed h -°, RH ,^ d - G55 J D t0 G0 - The second P art ^ in example above) 
indicates which additional mismatches (if any) have been included at the 
penultimate base of the amplimer. Each mismatch has a specific code shown above 
hU thtc ] ° n 5- m ! sma J ch 2 s ^eluded at a position other than the penultimate 
rnHp th! II .indicated by the inclusion of the base number after the mismatch 
tut I he * hlrd Part of the code indicates whether the primer is specific for 
the mutant sequence (M) normal sequence (N) or common to both (C). For example 
thlrVE dicat " that this primer is used to analyse the R117H mutation (RH), 
that it has an A residue as the penultimate base which mis-matches a C residue 
in the target sequence (code d) and that it is specific for the normal allele 

A number of the primers contained non-homologous 5' tail sequences. 

the i„?w]! "f ted T by l he - us t of , 1ower case ^P e in tne P^mer sequence and by 
the inclusion of a T-code in brackets at the end of the primer code. The tail 

cresencfnf f~ e?Ve + S A termed .TAGS , are also shown along with their T- codes. The 
rnSSL? + '^ the Cod * 1S used 10 indl '«te that these primers are 
tKX .Station ° pp051te strand of DNA compared to the other primers for 
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TABLE 2 over ARMS ANALYSES 



10 



15 



20 



25 



30 



35 



— 

I 

j GENOTYPE 
I 

R553X/? 


R560T-N 
+ 


R553X-N 

___ 


G542X-N 
+ 


R560T-M 

i 


R553X/G55 10 


+ 


- 




R560T/F50a 


+ 


- 


+ 


-1- 


R560T/G55 10 


+ 




+ 


+ 


G542X/F508 


+ 




+ 




G542X/? 




+ 


R553X/FS08 
+/ + (normol) 






+ 




+ 

! 





R5S3X-M 



G542X-M 



- PRODUCT NOT FORMED 
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TABLE 3 STANDARD overARMS MULTIPLEX 







A — MIX g 


- MIX 


MUTATION 


NORMAL 


1 ! 1 T 

i ! ! 

: ; j i 
! MUTANT i COMMON | NORMAL j 
i ! 

i ; 

'• ■ ' i 

: i » 


! " 

MUTANT j COMMON 
j 

i 


i 

F508/I507 


1680 


i | ; 

: ) 1 
• i I 

1712 ! 

! ! i 


— . — — j . 

i 

1879 j 1712 

i i 

: i 


I 
I 

G542X ! 




i ; 
j 1949 | 1823 ! 1830 1 

! J ! 

; i 


: i 
j 1823 | 

i 


G5510 

I 




1822 1823 1843 


1823 j 


i. 
i 
1 

! 621+1 

i 

i 


1933 


1934 . : 

! 


. J 

1931 1934 : 
I 

i 



All primers used at 1.0 M except for 
1931.1933.1934 - 0.5 M 
1843.1879 - 2.0 M 
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l* ble * 1 of 3 



Cystic Fibrosis (CF) - Hut* t ions 



Nucleotide Change 

G to C at 129 

C to T at 247 

G to A at 386 

G to A at 403 

deletion of A at 444 

G to C at 460 

G to A at 482 

T to A at 498 

deletion of A at 556 

deletion of A at 574 

T to C at 575 

G to T at 621*1 

G to A at 664 

G to T at 711+1 

T to G at 729 

deletion of 22 bp 

G to A at 1022 

C to T at 1132 

TC insertion after 1154 

G to C at 1172 

deletion of T at 1213 

GC at 1342-1 

C to A at 1496 

G to T at 1505 

C to T at 1609 

3bp deletion 

3bp deletion 

deletion of TA at 1677 

G to T at 1690 



Amino Acid Change 

none: regulation? 

Gin to Stop at 39 

Gly to Glu at 85 

Gly to Arg at 91 

f rameshif t 

Asp to His at 110 

Arg to His at 117 

Tyr to Stop at 122 

f rameshif t 

f rameshif c 

He to Thr at 148 

splice mutation 

Gly to Arg at 178 

splice mutation 

His to Gin at 199 

frameshift 

Arg to Gin at 297 

Arg to Trp at 334 

f rameshi f t 

Arg to Pro at 347 

frameshift 

splice mutation 

Ala to Glu at 455 

Gly to Val at 458 

Gin to Stop at 493 

deletion of He at 506/7 

deletion of Phe at 508 

frameshift 

Val to Phe at 520 



Exon 

1 

2 

3 

3 

4 

4 

4 

4 

4 

4 

4 

intron 1 
5 

intron 5 

6a 

6a 

7 

7 

7 

7 

7 

intron 8 

9 

9 

10 
10 
10 
10 
10 
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Table 4 (cont'd) 



Cystic Fibrosis (CP) - Mutations 

Nucleotide Change . • ^ . . , „ 
Amino Acid Change 



C to A at 1705 


Cys to Stop at 524 


10 


G to A at 1717-1 


splice mutation 




intron 10 


> Co I at 1756 


Gly to Stop at 542 


11 


a to at 17// 


Ser to Arg at 549 


11 


Vi to n at I//0 


Ser to Asn at 549 


11 


u to t at 1//0 


Ser to He at 349 


11 


tcoL»atl//9 


Ser to Arg at 549 




11 


f! r n a ^ f i 70/ 
to rt at i/o4 


Gly to Asp at 551 


11 


ucAcuon or o at 1/84 


f rameshi f t 


11 


C to T a r 1 7ftfi 


Gin to Stop at 552 


11 


C t O T a r 1 7 DQ 


Arg to Stop at 553 


11 


v» to nat i / V(J 


Arg to Gin at 553 


11 


G to A a* i cn 7 


Ala to Thr at 559 


11 


G to C at 1811 


Arg to Thr at 560 


11 


T to A at 1819 


Tyr to Asn at 563 


12 


C to A at 1853 


Pro to His at 574 


12 


C insertion after 2522 


f rameshi ft 


13 


AT insertion after 2556 


f rameshi ft 


13 


G to A at 2670 


Trp to Stop at 846 


14a 


C to T at 2683 


Arg to Stop at 851 


14a 


G to A at 2789 


splicing mutation 


intron 14b 


A to G at 2870 


Tyr to Cys at 913 


15 


deletion of T at 2909 


f rameshi f t 


15 


T to C at 3362 


Leu to Pro at 1077 


17b 


C to A at 3408 


Tyr to Scop at 1092 


17b 


A to G at 3600-2 


splice mutation 


intron 18 


C to T at 3616 


Arg to Stop at 1162 


19 


deletion of C at 3659 


f rameshi f t 


19 


deletion of A at 3662 


frameshift 


19 
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Table 4 (com') 3 of 3 







Cystic 


Fibrosis (CF) 


- Mutations 




Nucleotide Chang 


e 


" Amino 


Acid Change 


Exon 


dele t i 


on of A at 


3732 


f rameshi f t 


19 


A to G 


at 3730 








19 


G to A 


at 3739 




lie to 


Val at 1203 


19 


deletion of T at 


3821 


f rameshif t 


19 


T to G 


at 3850 




splice 


mutation 


in t ron 


C to A 


at 3863 




Gly to 


Glu at 1244 


20 


C to A 


at 3896 




Ser to 


Stop at 1255 


20 


G to A 


at 3978 




Trp to 


Stop at 1282 


20 


G to C 


at 1005 




Gin to 


His at 1291 


20 


C to G 


at 4041 




Asn to 


Lys at 1303 


21 


G to A 


at 4079 




Trp to 


Stop at 1316 


21 


G to A 


at 4178 




Gly to 


Asp at 1349 


22 


G to T 


at 4243 




Glu to 


Stop at 1371 


22 


G to A 


at 4374*1 




splice, 


mu tat ion 


23 
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5 TABLE 5 _REVISED STANDARD overARMS MULTIPLEX 



10 



15 


MUTATION 


NORMAL 


MUTANT 


COMMON 


NORMAL 


MUTANT 


COMMON 


20 


F508 


1880 




■■ 1712 




1879 


1712 


25 


G542X 


i 

i 


2086 


1823 


1330 




1823 


30 


G551D 

i 


j 1822 


1823 


1843 




1823 


i 

35 ; 

I 
i 


j 

621 + 1 


I 

1933 ! 


! 

I 

i 
i 


2C73 




2072 


27C3 



40 

All primers used At 1 . OuM except ror: 

1931, 1933, 1934 - 0,5uM 
1343. 1879 - 2.0uMM 



45 



50 



55 



35 



BP 0 497 527 A1 



TABLE 6 



STANDARD - MULTIPLEX 



10 



15 



20 



25 



30 







A - MIX 






B - MIX 




MUTATION 


NORMAL 


MUTANT 


COMMON 


1 

NORMAL 


MUTANT 


COMMON 


621 + 1 


1933 




2073 


i 


2072 


2073 


R553X 

1 




2225 


i 
t 

1323 1 




i 

! 
J 

i 
j 


G55ID 




1822 


1823 


1343 




1823 


G542X 




2086 


1823 


1830 




1823 


W1282X 


( 
1 


2109 


2174 


1 

2013 




2176 


DF508 


I 

1880 

i i 


t 

1712 




1879 j 

i 

1 


1712 



35 



40 



All primers used at luM except for: 



1933, 2073, 2072 - 0.5pM 

2013, 2174 - 0.125mm (B— Mix only) 

1843, 1879 - 2nM 

1823 - 2uM final concentration (A- and B-Mi 



ixes) 



£0 



55 
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SEQUENCE LISTING 

GENERAL INFORMATION 



<*> APPLICANT: Imperial Chemical Industries PLC 

<**)"■ TITLE OF INVENTION: METHOD OF DETECTION 

(iii) NUMBER OF SEQUENCES: 97 

(iv) CORRESPONDENCE ADDRESS: 



(A) ADDRESSEE: Legal Department: Patents 

(B) STREET: Bessemer Road 

(C) CITY: Velvyn Garden City 

(D) STATE: Hertfordshire 

(E) COUNTRY: United Kingdom 

(F) ZIP: GB-AL7 1HD 

( v ) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.50 inch, 1.2 Mb 

s torage 

(B) COMPUTER: 18 M PS/2 

(C) OPERATING SYSTEM: PC- DOS 3.20 

(D) SOFTWARE: ASCII from VPS-PLUS 

< v i) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NO. 9102148.5 

(B) FILING DATE: 31-Jan-1991 

(A) APPLICATION NO. 9126085.1 

(B) FILING DATE: 06-Dee-1991 
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(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GACTTCACTT CTAATGATGA TTATGGGAGA 



(2) INFORMATION FOR SEQ ID N0:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TATATTCATC ATAGGAAACA CCAAAGATGA 



(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TATATTCATC ATAGGAAACA CCAATGATAT 
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(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GTATCTATAT TCATCATAGG AAACACCACA 



(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GTATCTATAT TCATCATAGG AAACACCATT 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GGGTAGTGTG AAGGGTTCAT ATGCATAATC 
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(2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCCTGGCACC ATTAAAGAAA ATATCATCTT 



<2) INFORMATION FOR SEQ ID N0:8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

GCCTGGCACC ATTAAAGAAA ATATCATTGG 



(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

AAAATTTGAG CAATGTTGTT TTTGACCAAC 
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(2) INFORMATION FOR SEQ ID NO: 10: 



(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCTTGCTAGA CCAATAATTA GTTATTCAAC 



(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCTTGCTAGA CCAATAATTA GTTATTCAAG 



(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCATTTGAAA TAATGGAGAT GCAATG 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCTTGCTAGA CCAATAATTA GTTATTCATC 



(2) INFORMATION FOR SEQ ID NO: 14 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCTTGCTAGA CCAATAATTA GTTATTCATG 



(2) INFORMATION FOR SEQ ID NO: 15: 

( i ) SEQUENCE CHARACTER I STICS ; 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CACATATGGT ATGACCCTCT ATATAAACTC 
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(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) " STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CCTATGCCTA GATAAATCGC GATAGAAC 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CCTATGCCTA GATAAATCGC GATAGAAT 

(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CCTATGCCTA GATAAATCGC GATAGATC 
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(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

CCTATGCCTA GATAAATCGC GATAGATT 



(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CCTATGCCTA GATAAATCGC CATAGACC 



(2) INFORMATION FOR SEQ ID N0:21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

CCTATGCCTA GATAAATCGC GATAGACT 
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(2) INFORMATION FOR SEQ ID NO: 22: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 
■(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TAAAATTTCA GCAATGTTGT TTTTGACC 

(2) INFORMATION FOR SEQ ID NO: 23: 

U) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

ACTCAGTGTG ATTCCACCTT CTAC 



(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

ACTCAGTGTG ATTCCACCTT CTAA 
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(2) INFORMATION FOR SEQ ID NO: 25: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CACTCAGTGT GATTCCACCT TCTTA 

(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CACTCAGTGT GATTCCACCT TCTGA 



(2) INFORMATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CACTCAGTGT GATTCCACCT TCTCA 
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(2) INFORMATION FOR SEQ ID NO: 28: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CACCTTGCTA AAGAAATTCT TGCTAG 



(2) INFORMATION FOR SEQ ID NO: 29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CACCTTGCTA AAGAAATTCT TGCTAA 



(2) INFORMATION FOR SEQ ID NO: 30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TATTCACCTT GCTAAAGAAA TTCTTGCTGA CAGCAAATGC TTGCTAGACC AATAATTAGT 
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(2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CAGCAAATGC TTGCTAGACC AATAATTAGT TATTCACCTT GCTAAAGAAA TTCTTGCTGA 

(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GACTGACTGA CTGACTGACT CTGACTCACT TATTCACCTT GCTAAAGAAA TTCTTGCTGA 

(2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GACTGACTGA CTGACTGACT CTGACTGACT TATTCACCTT GCTAAAGAAA TTCTTGCCCA 
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(2) INFORMATION FOR SEQ ID NO: 34: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 60 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GACTGACTGA CTGACTGACT CTGACTGACT TATTCACCTT GCTAAAGAAA 



TTCTTGCACA 



(2) INFORMATION FOR SEU ID NO: 35; 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 60 
(3) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TCATGCGTCC ATGGTCCCGA CAGCTAGCAC TATTCACCTT GCTAAAGAAA 



(2) INFORMATION FOR SEQ ID NO: 36: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GACTGACTGA CTGACTGACT CTGACTGACT TATTCACCTT GCTAAAGAAA 



TTCTTGCTGA 



TTCTTGCTTA 
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(2) INFORMATION FOR SEQ ID NO: 37: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCGACCGGTC GCCGGACGCC CTGACTGACT TATTCACCTT GCTAAAGAAA TTCTTGCTGA 

(2) INFORMATION FOR SEQ ID NO: 38: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

GACTGACTGA CTGACTGACT CTGACTGACT TATTCACCTT GCTAAAGAAA TTCTTGCTCA 

(2) INFORMATION FOR SEQ ID NO: 39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TCATGCGTCC ATGGTCCGGA CAGCTAGCAG TATTCACCTT GCTAAAGAAA TTCTTGCTCA 
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(2) INFORMATION FOR SEQ ID NO: AO: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 

(B) TYPE: Nucleic Acid 
'(C)' STRANDEDNESS :. Single 
(D) TOPOLOGY: Linear 

TCATGCGTCC ATGGTCCGGA CAGCTAGCAG TATTCACCTT GCTAAAGAAA TTCTTGCTCG 



(2) INFORMATION FOR SEQ ID N0:41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 



TCATGCGTCC ATGGTCCGGA CAGCTAGCAG TATTCACCTT GCTAAAGAAA TTCTTGCTGG 



(2) INFORMATION FOR SEQ ID NO: 42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCTAAAGAAA TTCTTGCTCG TTGCC 
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(2) INFORMATION FOR SEQ ID NO: A3 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 26 
<B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

AGCTAAAGAA ATTCTTGCTC GTTGCT 



(2) INFORMATION FOR SEQ ID NO: 44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCTAAAGAAA TTCTTGCTCG TTTGC 



(2) INFORMATION FOR SEQ ID NO: 45: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCTAAAGAAA TTCTTGCTCG TTTCC 
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(2) INFORMATION FOR SEQ ID NO: 46: 

(i). SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCTAAAGAAA TTCTTGCTCG TTACC 



(2) INFORMATION FOR SEQ ID NO: 47: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCTAAAGAAA TTCTTGCTCG TTTAC 



(2) INFORMATION FOR SEO ID NO: 48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GTTGGTATGA GTTACCCCTT TCAAAATC 
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(2) INFORMATION FOR SEQ ID N0:49: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 
(E) TYPE: Nucleic Acid 

(C) STRANDEDNESS:' Single 

(D) TOPOLOGY: Linear 

TTTATTTTTT CTGGAACATT TAGAAAAACC 



(2) INFORMATION FOR SEO ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TTTATTTTTT CTGGAACATT TAGAAAAACG 



(2) INFORMATION FOR SEQ ID NO: 51: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CATGCACACA AAGTGTGTAG AATGATC 
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<2) INFORMATION FOR SEQ ID NO: 52: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TTTATTTTTT CTGGAACATT TAGAAAAAGC 



(2) INFORMATION FOR SEQ ID NO:53: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TTTATTTTTT CTGGAACATT TAGAAAAAGG 



(2) INFORMATION FOR SEQ ID NO: 54: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TTTATTTTTT CTGGAACATT TAGAAAAAAC 



55 



EP 0 497 527 A1 



(2) INFORMATION FOR SEQ ID NO: 55: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNE SS : Single 

(D) TOPOLOGY: Linear 

TTTATTTTTT CTGGAACATT TAG AAA AAA G 



(2) INFORMATION FOR SEQ ID N0:56: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CTCAATTTCT TTATTCTAAA GACATTGG 



(2) INFORMATION FOR SEQ ID NO: 57 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GATCACTCCA CTGTTCATAG GGATCCACG 
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(2) INFORMATION FOR SEQ ID NO:58: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GATCACTCCA CTGTTCATAG GGATCCACC 

(2) INFORMATION FOR SEO ID NO: 59: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 36 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TAAAAAGTTA TTTAAGTTAT TCATACTTTC TTCTTC 

(2) INFORMATION FOR SEQ ID NO: 60: ' 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 34 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
(P) TOPOLOGY: Linear 

GAGTTACCCC TTTCAAAATC ATTTCAGTTA GCAG 
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(2) INFORMATION FOR SEQ ID NO: 61: 

(i) SEQUENCE CHARACTERISTICS : 
(A) LENGTH: 56 
<B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCGACCGGTC GCCGGACGCC TCATACTTTC TTCTTCTTTT CTTTTTTGCT ATAGAA 

(2) INFORMATION FOR SEQ ID NO: 62: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 50 
(3) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GCGACCGGTC GCCGGACGCC TCTTCTTCTT TTCTTTTTTG CTATAGAAAG 

(2) INFORMATION FOR SEQ ID NO: 63: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 49 

(B) TYPE: Nucleic Acid 
<C) STRANDEDNESS: Single 
(D) TOPOLOGY: Linear 

GCGACCGGTC GCCGGACGCC GATCACTCCA CTGTTCATAG GGATCCACG 
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(2) INFORMATION FOR SEQ ID NO: 64: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 49 
.(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

GCGACCGGTC GCCGGACGCC GATCACTCCA CTGTTCATAG GGATCCACC 



(2) INFORMATION FOR SEQ ID NO: 65: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CACATATGGT ATGACCCTCT ATATAAACTC 



(2) INFORMATION FOR SEQ ID NO: 66: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TGCCATGGGG CCTGTGCAAG GAAGTATTCC 
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(2) INFORMATION FOR SEQ ID NO: 67: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Singl 
"(D) TOPOLOGY: Linear 

TGCCATGGGG CCTGTGCAAG GAAGTATTCA 



(2) INFORMATION FOR SEQ ID NO: 68: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Singl 

(D) TOPOLOGY: Linear 

TGCCATGGGG CCTGTGCAAG GAAGTATTTA 



(2) INFORMATION FOR SEO ID N0:69: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Singl 

(D) TOPOLOGY: Linear 

TGCCATGGGG CCTGTGCAAG GAAGTATTGA 
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(2) INFORMATION FOR SEQ ID NO:70: 

(i) SEQUENCE CHARACTERISTICS: 

(A) . LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TCACATATGG TATGACCCTC TATATAAACT 



(2) INFORMATION FOR SEQ ID N0:7l; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GTCTTTCTCT GCAAACTTGG AGATGTTC 



(2) INFORMATION FOR SEQ ID NO: 72: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

GTCTTTCTCT GCAAACTTGG AGATGTAC 



61 



EP 0 497 527 A1 

(2) INFORMATION FOR SEQ ID NO: 73: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GTCTTTCTCT GCAAACTTGG AGATGTGC 

(2) INFORMATION FOR SEQ ID NO: 74: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
<D) TOPOLOGY: Linear 

GTCTTTCTCT GCAAACTTGG AGATCTTT 



(2) INFORMATION FOR SEQ ID NO: 75: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GTCTTTCTCT GCAAACTTGG AGATGTGT 
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(2) INFORMATION FOR SEQ ID NO:76: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GTCTTTCTCT GCAAACTTGG AGATGTAT 



(2) INFORMATION FOR SEQ ID NO: 77: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

AAAATTTCAG CAATGTTGTT TTTCACCAAC 



(2) INFORMATION FOR SEQ ID NO: 78: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CCTGTGGTAT CACTCCAAAG GCTTTCCCC 
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(2) INFORMATION FOR SEQ ID NO: 79: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 29 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CCTGTGGTAT CACTCCAAAG GCTTTCCCT 



(2) INFORMATION FOR SEQ ID N0:80: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CCTGTGGTAT CACTCCAAAG GCTTTCCGT 



(2) INFORMATION FOR SEQ ID NO: 81: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CCTGTGGTAT CACTCCAAAG GCTTTCCGC 
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(2) INFORMATION FOR SEQ ID NO: 82: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 29 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CCTGTGGTAT CACTCCAAAG GCTTTCCAC 



(2) INFORMATION FOR SEQ ID NO: 83: 

(!) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 

(D) TOPOLOGY: Linear 

CCTGTGGTAT CACTCCAAAG GCTTTCCAT 



(2) INFORMATION FOR SEQ ID NO: 84: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 
(3) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CCCATCACTT TTACCTTATA GGTGGGCCTC 
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(2) INFORMATION FOR SEQ ID NO: 85: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GTACCTATAT GTCACAGAAG TGATCCCATC 



(2) INFORMATION FOR SEQ ID N0:86: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CGGCGATGTT TTTTCTGGAG ATTTATGTTC TATTG 

(2) INFORMATION FOR SEQ ID NO:87: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CGGCGATGTT TTTTCTGGAG ATTTATGTTC TATTA 
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(2) INFORMATION FOR SEQ ID NO:88: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CGGCGATGTT TTTTCTGGAG ATTTATGTTC TATAG 

(2) INFORMATION FOR SEQ ID NO: 89: . 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

CGGCGATGTT TTTTCTGGAG ATTTATGTTC TATAA 



(2) INFORMATION FOR SEO ID NO: 90: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

ATTCACCAGA TTTCGTAGTC TTTTCATAATC 
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(2) INFORMATION FOR SEQ ID NO: 91: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single' 

(D) TOPOLOGY: Linear 

CCCACCTTCC CCTCTCTCCA GCCAAATGGG 



(2) INFORMATION FOR SEQ ID NO: 92: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY : Linear 

GGGCCTCAGT CCCAACATGG CTAAGAGGTG 



(2) INFORMATION FOR SEQ ID NO:93: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TGTCCACGTG AGCCTTGCTC GAGGCCTGGG 
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(2) INFORMATION FOR SEQ .ID N0:94: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 

(B) TYPE: Nucleic Acid 
'(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GAGACTTGGT ATTTTGTTCA ATCATTAAG 



(2) INFORMATION FOR SEQ ID NO: 95: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH : 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

TCATGCGTCC ATGGTCCGGA 



(2) INFORMATION FOR SEQ ID NO: 96: 

(i) SEQUENCE CHARACTERISTICS; 

(A) LENGTH: 30 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

GACTGACTGA CTGACTGACT CTGACTGACT 
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(2) INFORMATION FOR SEQ ID NO: 97: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Singl 

(D) TOPOLOGY: Linear 

GCGACCGGTC GCCGGACGCC 
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Claims 



1 * de ! eCtinS tHe Pr6SenCe ° r absence of more than one varia "* nucleotide in a target base seau 

t rrr pnsed ,n a nudeic acid samp,e - which meth ° d ***** «» t arg et zis" 

2ST£;S2? ,,y T r rGPriate nUC,e ° Side an agent I polymlrLatfon 5Z£ 

!i! ! P 3 d,a 9 nostic P rimer f ° r each diagnostic portion of the target base sequent 

2 / T COnditi ° nS ' nUC ' e0tide SeQUenCe ° f each dia 9 nostic primer b.ln 9 .u^HX J£ 

bSno e t h r P T marV t0 re ' eVant dia9n ° StiC POrti0n ' 3 terminal nucle °« d * "'each diagnostic pnm^r 
being either complementary to a suspected variant nucleotide or to the corresponding nomS "dSET 

di alZ\Z::T nSi0n >r UCt ° fadia3nOSt]C Primef iS Synlhesised *™ the'termina n^otS " the 
l fc P " mer ,s complementary to the corresponding nudeotide in the target base sequence no extent 
s,on product bemg synthesised when the terminal nucleotide of a diagnostic primer is not compiemeJta^ 
the susn n9 nUCle ° tide 10 the tar9Gt baSe Sequence: and detecting the presence cTabsen^of 
Senln H V3 : ,an ! *° m *" PreS6nCe ° f abSenCe <***tensL products .n?j£3TtlZ 

extension products of diagnostic primer(s) for more than one diagnostic portion of the target basL sequ 
ence comprise a complementary overlap. 9 q 

" ovTri?p° d " daimed in Cl3im 1 Wh6rein 3t ' eaSt tW ° ° f the dia 9 nostic P' imers a complementary 

' tionTl^ C fT in C ' aim 1 ° r C ' aim 2 Wherei " 8 corres P°^ing amplification primer is used, any exten- 

oduct of h! ' !r n ? St ' C PHmer ' ein9 Capab ' e ° f S6rVin9 33 3 template for s ^ hes * of a " ^"en ion 
product of the amplification primer after separation from its complement. 

' ° df ° rdet ! Cting tneDresence orabsence of variant nucleotides in firstand second target base sequ- 

ences comprised ,n a nucleic acid sample, which method comprises treating the target bale sequences 

eos^ 

an Ta second IT* > f 0 ™* 0 ^ ^ 3 dia 9 nostic P° rti °" of the first target base sequence 

and a second d.agnostic pnmer for a diagnostic portion of the second target base sequence under hvb! 
r.d.s.ng cond.tions. the nudeotide sequence of each diagnostic primer be?ng such "atTh subset 
complementary to the relevant diagnostic portion, a terminal nucleotide of each diagnostic primer b2 
either comp.ementary to a suspected variant nucleotide or to the corresponding 9 nor^a^ TnucTeoUd? 
diaont^r eXlenSi ° n Pr ° dUCt 01 3 dia9n ° StiC Primer iS s y" th «ised when the termLl wc eZe o the 
s ion o?od^ P t T er 18 C ° m h P,enientar y 10 tne ^spending nucleotide in the targe, base sequence no e^en! 
sion product being synthesised when the terminal nucleotide of a diagnostic primer is not comp emerTtary 
orimers r 8 ' 0 , 9 nude0tide in the ^ base -quence; and wherein con-esponding TmpSon 
pnmers are used, any extension product of a diagnostic primer being capable of serving asVtSate for 

ofemenT/n 3 ; T™™ ° f amplification primer after separaSn f££££ 

p ement and detecting the presence orabsence of the suspected variant nucleotides from Z p llenS 

whe r lZ™K ,C ? P T C * ° f 6aCh dia9n ° StiC Pdmerand — P-ding amplif Jion P r 1" an" 
wherem the amplification products comprise a complementary overlap. 

p.e m ^lTovX ed d3im 4 WhCrein ° f dia 9 nostica " d/ora -P"«-«on Primers comprise a com- 
"Zap* 35 Cl3imed C ' aim 4 Wh6rein and S6C0nd dia9nOS,i ° Primers com P rise a oomp.ementary 

^ et l° d d ! teCti " 9 ,he PreS6nCe ° f absence of at least one varia "t nucleotide in a target base sequ- 
ence comprised ,n a nucleic acid sample, which method comprises treating the targe ba!e sequence 

leo's id e e l 0r h SeqU H e ? ally aPPr ° Priate nUC ' e0Side tri P^P^tes. an agent Lpo.ymensaton of * Zl 
leos de ^phosphates and a diagnostic primer for a diagnostic portion of the target base sequence under 

pTementar* mTa leas^ " ^ * nUC ' e ° tide ° f the dia9n0Stic " rimer bei "9 eithercorr; 

nucTeoS- ^ SUSP6Cted Va0ant nuc,eotides or ("J *° «t "east two corresponding normal 

nucleobdes. whereby an extension product of the diagnostic primer is synthesised when the te mLZc 



71 



EP 0 497 527 A1 



leoSe ^^T^ Prim6r * complementar y to at one con-esponding variant or normal nuc- 
Sfdlno^ 9 SeqUenCe: "° eXtenSI '° n Pr0dUCt bein 9 ^"^esised when the terminal nudeotide 

8 ' iT^h *«■ Claim ? d in daim 7 Wh6rein 3 corres P°"ding amplification primer is used, any extension pro- 

9 " Sn - - — -» interna, 

10 ' ^rn^mVrL 3 ^ 

ficat.cn pnmers compnses a polynucleotide tail sequence which do not hybridise to the target base sequ- 

11 * anCe? " "* ° f C ' aimS 1 " 10 WhSrein 3t leaSl three sus P ected -riant nucleotides are 

t^lV- ' eaSt nucleotide P rimers ° f 5-50 bp and as defined in claim 1 . a terminal nucleotide of each 

o de o rZZTTZ'T l ° eith6r 3 SUSP6Cted Variam nUde0tide associated -ith a 
oraer or to the corresponding normal nucleotide. 

13. A diagnostic primer as defined in claim 7 or claim 9. 



14. 



15. 



A kit for performing a method as claimed in claim 1 which comprises- 

(1) diagnostic primers as defined in claim 1; 

(2) each of four different nucleoside triphosphates; and 

(3) an agent for polymerisation of the nucleoside triphosphates in (2). 

A kit for performing a method as claimed in claim 4 which comprises* 

(1) diagnostic primers as defined in claim 4; 

(2) each of four different nucleoside triphosphates; 

(3) an agent for polymerisation of the nucleoside triphosphates in (2)- and 

(4) corresponding amplification primers as defined in claim 4. 

16. A kit for performing a method as claimed in claim 7 which comprises: 

(1) a diagnostic primer as defined in claim 7; 

(2) each of four different nucleoside triphosphates; 

(3) an agent for polymerisation of the nucleoside triphosphates in (2). 

J^SiSTJ'ofSl 1 : ° r C,3im 16 fUrther C ° mPriSinS 3 — -plincation primer as 

18 * ^con^oT^m^ 7Z B r ° f d8imS ™l fUrth6r C ° mpriSing °" e ° rmore of the followi "9 'n^- 
nai control pnmers, buffer, packaging and instructions for use of the kit. 

19 ' anyone^of "clatTS i" any ° ne ° f f ims ™- P*— Maimed in claims 12-13 or a kit as claimed in 
any one of claims 14-18 for use .n the detection or diagnosis of cystic fibrosis. 
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'in-tfn) 3 ' TTACCACAAAGGAT 508M 

IL/.UIU/ <_ 3 : ACACCACAAAGGAT ...508N 



^ OnMnn i n I o.n .* ^, i : > c'C : b t ! 

r T TTTilTiiC" r * r * a — ^ ^ « - i 

508/507N ..GAAAATATCA7C7? 3 : -> 

508/507M G A A A A T A 7 C A 7 T G G 3 



•in Ifh) <_ 3 'TTACCACAAAGGAT 508M 

iy.-J\UJ 3 ! ACACCACAAAGGAT 508N 



508/ 5C7N GAAAATATCi T7T - 

508/507M G AAA ATA T C A ~ ~GG 3 : -> 



■ig.3(c) 



^ I J nu^.—.v, .-..n r*. C O f 3 w'Or: 



r /* A a — \ "r — - T /% - . — ~ ~ 



508/507N GAAAATATCATCTT 3 ; 

508/50 7M G A A A A T A T C A T 7 G G 3 ' 
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Fig. 8. 
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Fig. 12. 
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